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1. INTRODUCTION

| SLPLPAAPLTWPAR

The EG&G Tactical Rutidium Frequency Standard (TRFS) is a hiah
performance atomic frequency source capable of operation in a rugged

" g *

tactical environment. This final Technical Report describes the EG&G

»_a_a

a

TRFS design and its qualification.

bid

. |

The current EG&G TRFS prcgram began in November, 1983 to design,

develop, fabricate, test and evaluate two full scale engineering modeis
of a Tactical Rubidium Frequency Standard.(l) This program followed previcus

work during 1382 invelving basic TRFS development.(z) The TRFS require-
ments were given in a RADC specification dated 10 December 1982 based on
Rev. B of Hazeltine Specification 332819 for their USAF SEEK-TALK pro-
gram. After lengthy discussions starting in January 1984, the TRFS re-
auirements were officially changed to a modified version of Rev. D of the
Hazeltine specification in October, 1985. During this period the
Hazeltine USAF program became HAVE-CLEAR and then EJS. A final contract
modification in June, 1986 imposed Rev. E of the Hazeltine specification.
including soecific locations for the output and power connectors. These
final specifications are included as Appendix A to this report.

The main technical challenge for the TRFS was to extend the opera-
tional capabilities of a rubidium frequency standard to demanding tacti-
cal aircraft environments. 'n particular, improvements were required

in size, warmup time, upper temperature limit and performance under

vibration.

A1l these objectives were met. The size requirement was met with
a ultra-miniature Rb physics package and efficient electronics, without
the use of hybrid microcircuits. Very fast warmup was obtained with

1. Hanscom AFB Contract No. F139628-83-C-0175
2. Hanscom AFB Contract No. F19628-82-C-0055



relatively low demand power because of lcw mass and reiatively cool ovens,

and vithout compromising endurance. The 4. ver cnerating temperature 1imi?
was extended bv the use of active thermoelectric cooling without dearadin~
stability. Performance objectives under vibration were met with a low

g-sensitivity crystal oscillator tightiy locked to a rucged Kb reference.
A photograph and outline drawing of the EG&G TRFS developed under
this program are shown in Figure 1.1 and 1.2 respectively. Condensed

specifications are shown in Table 1.1.

Overall, this program has fully met its qoal to make available a

tactical rubidium “requency standard for advanced tactical avionic systers.
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2. TECHNICAL COMPLIANCE

The EG&G TRFS design is fully compliant with the requirements of
Rev. E of its specifications (see Appendix A), as verified by the results
of the qualification tests described in Section 7 of this report. A
summary of the qualification test compliance is shown in Table 7.0. With
only minor exceptions correctable in subsequent hardware, all requirements
are met. In several important respects, the requirements are exceeded.
In particular the unit needs considerably less than the allowable warmup
and steady-state power and is capable of full-performance operation at a
higher than specified baseplate temperature.
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3. DESIGN DESCRIPTION

The following renort sections describe the general design of the
£G&G TRFS. These descriptions are organized in accordance with the TRFS
Functional Block Diagram of Figure 3.1.

The rubidium frequency standard is basically a crystal oscillator
that is locked to a Rb atomic reference. The TRFS has particular design
features that allow it to operate in a tactical military environment.
Those features are discussed in more detail in Section 4 of this report.

3.1 Functional Block Diagram. A functional block diagram of the EG&G

TRFS is shown in Figure 3.1. This configuration combines high perform-
ance, simplicity, and manufacturability. The major sections are:

1. A physics package section which acts as a frequency discriminator
to produce an error signal which indicates the magnitude and
sense of the difference in frequency between the applied rf ex-
citation and the rubidium atomic resonance.

2. A VCXO section which contains a 10 MHz voltage controlled crystal
oscillator (VCX0).

3. An RF section which contains a synthesizer to excite the rubidium
resonance and circuits to produce the 10 MHz TRFS output.

4. A servo amplifier section which processes the Rb error signal to
produce a control voltage for the 10 MHz VCXC.

5. A power section which provides "supply" voltages to the circuitry
and has temperature controllers for the two physics package ovens,
and a thermoelectric controller to extend the upper temperature

range.

The electronic block diagram has a sinale frequency lock loop that
contains a phase-locked loop synthesizer as a subloop. A particularly
simple rf chain is used that has no critical tuned circuits. The servo
amplifier is a low-comnlexity cascade detector configuration and the nower
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supply and temperature controller sections use efficient high frequency
switching techniques. Monitors are provided for built-in test (BIT) and
the 10-MHz VCXO control voltage.

3.2 Physical Layout. Physically, the TRFS consists of a physics package

assembly and three main rf, servo and power electronic boards inside a
35" square by 4% enclosure as shown in Figure 3.2.

The physics package assembly is at the center and is comprised of
the following major elements (see Figures 3.3.1.1 and 3.3.1.2):

1. lamp exciter
2. lamp oven
3. microwave cavity

4. photodetector

wn

10 MHz crystal oscillator
6. double magnetic shields

The lamp oven contains the rubidium lamp. The microwave cavity con-

tains the filter and absorption cells and a microwave multiplier.

The cylindrical magnetic shield of the physics package is supported
within another (square) magnetic shield by resilient mounts. The elastic
center of the mounts and the center of mass of the physics package are
aligned so as not to excite rocking vibrational modes. These mounts are
important to the thermal performance of the TRFS as well as to its behavior
under shock and vibration. They are made of silicone rubber chosen for low
temperature flexibilitv, resistance to heat aging and high damping. The
snacing between the shields also determines the magnetic shielding factor.

A thermoelectric cooling assembly is located between the physics
package and the baseplate. It consists of four thermoelectric cooling
modules and the thermoelectric controller board. The square magnetic
shield is mounted on these thermoelectric modules to allow hiah baseplate
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' temperature operation. The modules are located at the resilient mounts )

to provide mechanical support and to reduce temperature gradients. The

shield is surrounded by thermal insulation to reduce the heat load that d
must be pumped. The heat load on each module is Tow to reduce temperature

oA, A -

drops across joints and to achieve a high coefficient of performance.

The main rf, servo and power boards are located on the remaining three %

2

sides of the physics package. The servo board, which has very low power

el

dissipation, is located at the top. The rf and power boards are located
on the sides. These three boards are attached to the main structure and
2 each other for support especially to limit flexure during vibration. b

. A smaller board at the front holds the input power filters and one at

' the bottom holds the thermoelectric contrnller c¢ircuit. These boards,

’j which are mounted to the main structure, contain most of the components

\ that are relatively massive or have high heat dissipation and therefore

have suitable heat sinking and support. Printed circuit boards are con-

i formally coated to prevent degradation due to surface contamination, to
increase heat conduction, to give support for components and leads and to
increase board damping. Precautions are taken to protect fragile compo-
nents and avoid thermal stresses due to entrapment of coating under com-

ponents.

Special attention has been given to the details of design and con-
struction and the selection of materials in order to meet the stringent

PRALALEST TN

environmental conditions, especially temperature and vibration. Soft solder

PR

[ joints alone are not used for structural loads except for mounting very
ij Tightweight components. Component leads have strain relief and threaded f‘
fasteners have locking features. Stranded hook-up wire is used for its
greater vibration resistance and lower sensitivity to nicks. Wires are

laced and cables clamped for support. Electrical insulation is protected

PN,

from sharp corners and edges which could cut, abrade or cause flow of the

insulator.

K

Overall, this arrangement provides a logical, modular and accessible -
package. It is fully compliant with Revision E of the TRFS specifications R

-12- Y

.#'.\'J' .r .-".r N

™
NG

v .- A -‘.*2:"--".-

NN o “y s"‘\' -’:. :-‘.\-;.;. - ',.\ ’\ “ \. :., '.‘h\i-.‘.\, ('.'_\-_"- -\M\f\-_‘-.".-‘.‘- .-,“.."-’\




Lol el

-,y

N

e
b

I

?
.

FD LT =EaY
:Powtr? SUFPLY / S=RVE B38%- YFR‘.QUENCY ADJIUST / NUTPLATE
ACIISS [STAL SCREW)

20ART /

N\

T

5

u’?? =
I,

3

—

\-LNC'-"JP‘ NUT

i \ I / —RAVL
/ \ \ e NG /

—~— o - - / \ —
{TRME e < \ L ANCHOR NUT INSULATION .

MODLU L
THLRVCELLCTRK 2OARD

- N
o . -

T T LTSN Y SN
ST NN B e A I N -"-,-‘.IJ‘.‘\'

. . ~ ..
. M J‘ P -P -' J‘ J‘ -’ Ta f ./‘ Al
AP IR S G P SRR A SR TR ERE ST S RN S RN IS AN A AN W Y .._4_5.'_!._\- _-J' IR,

K

i T T T 10 N ]

5 % S N

. 4

s to et TN

R o AL

F

T'}"\f'n "l Yl




~ NEYoNat gat e aay % . B8
VAT T T A T T Y w T Wy

_pm

©

™)

N AN
X— MOUNT NG ROLES

g ——- a7 % 7 =
=\LTTR BOARD CINN I GZ DﬁL:tiGZB .25DZIP

\WOMKZ QUTPUT == “OUNTING SURFACE
-T2 =44 - TNC M- CB341CLASS 3
i MIL-C-33012 (UNFAINTED)

~

onQEGSG SALTM MASA
RUBIDIUM FREQUENCY
STAMDARD
MODOEL TRFS
/N XXX
23%06/214™2

!

.’]:'llll

\ 56 | \-Moumme SUREACE

STRUCTURE CONN T2
PUYSIZS PACKAGE Mm_--2ga22ee
IEES T
ELAARECTE LA R
Py ARRANGERMENT 35

b T T

Figure 3.2. TRFS Packaging.

o

LY VLAY L . . R P f(.ﬁ{.{'d"-f’c{'!u’f_./‘f.{\d‘-
" [ l'f .l..l J'-I"V\,.-(‘ ‘f" p Y oA *

o R o A, «_ e ™ -, e
A W N &'(\-\.'"x.\--\-\.'\-\-.'\’-.-.



-

‘s-'?, \

as described in paragraph 3.2.2 and Figure 2 of Appendix A and in the out-

1ine drawing of Figure 1.2 of this report.

3.3 Physics Package Section. The physics package section of the TRFS in-

cludes, besides the Rb physics package itself, the associated lamp exciter,
microwave multiplier and preamplifier circuits.

3.3.1 Physics Package. The heart of the TRFS is the physics package. It

combines qood performance with ultra-miniature size by using a dielectri-
cally loaded cavity that contains separate filter and absorption cells.
The basic physics nackage structure is shown in Figure 3.3.1.1, and the
various elements of the physics package are shown in Fiqure 3.3.1.2.

Miniaturization of the lamp assembly was accomplished by using a very
small rubidium lamp excited by an rf power oscillator built into the lamp
oven. This gives excellent lamp starting and running, good rf shielding,
temperature control of the lamp exciter, and high thermal efficiency since
the exciter dissipation helps to heat the lamp oven. The lamp oven oper-
ates at a temperature of about +115°¢.

Miniaturization of the TElll microwave cavity was obtained, para-
doxically, by putting more intc it; specifically, by locating a filter
cell inside the cavity. This discrete filter cell improves performance
by allowing independent nulling of the light shift. This gives good spa-
tial homogeneity in the absorption cell and results in a low rf power co-
efficient. Locating the filter cell inside the cavity allows cancellation
of the filter cell temperature coefficient by that of the absorption cell.
8oth the lamp and cavity oven< have a nominally zero temperature coef-
ficient. The resulting increase in the amount of the glass dielectric in
the cavity also reduces its size. A further advantage is that the filter
and absorption celis become phvsically shorter, which is desirable for orti-
mu™ siqnal at a high operating temperature. The cavity also contains a
sten-recovery diode microwave =wltiptier. The cavity oven operates at a

temperature of about +750C.

The physics package includes two lenses in the ortical path. The
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first, located in front of the absorpticr <ell, collimates tre lamp out-
put to cive a uniform liaht ivntensity dictvipution. The second lens, lo-
cated behind the absorntion ceil, focuses *te 1iaht on the photodetector
tc aive good collection efficiency. The rrotodetector is & custom GG

device naving low noise and high radia+tior hardness.

The C-field coil is wound in two sections to provide a2ood C-field uni-
fornity, which helps to ensure line homogeneity and minimizes rf power sen-

sitivity.

A non-metallic spacer rigidly connects the lamg and cavity ovens for
ruggedness and low vibration sensitivity with low heat trznsfer between
the ovens. The physics package is double-shielded for low magnetic sen-
sitivity and is supported by silicone rubber mounts that provide shock and

vibration isolaticn.

3.3.2 Lamc Exciter. The rubidium lamp s excited with an rf power of

about J.5 watt at 105 MHz. This energy i< aoplied to the lamp by oper-
ating it inside the field of an rf coil which excites optical emissions fror
an ionized plasma. The lamp provides the Pb resonance radiaticn required

for o»tical pumping.

7

Tre lamp exciter circuit (see Figure 3.3.2) is a Colpitts rf ongwer
oscitlator whose frequency s determined ;rimarily by the serviss tuned

L1-01 "eme o coil network. The circuit is packaged as part of the lamp 3¢-

[V

embly in the chysics package and operates from the -15 7 sunpiy. This
assertyy provides a corpact, well-shielded. and temnerature-controlled er-

vironment.

Lamp exciter operation s stabilized nv a current requlator circuit
iocated on the preamplifier bocard. That circuit controis tne larp ex-
citer dc bias, boosting the exciter output for lamp startirg and stabili-

zing it during normal creration.

3.3.3 Microwave "uitirlier. The step-recovery diode (SPD) ~icrowave

myltiplier is inceorporated intn the temperature-controlied cavity. lts
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design is both simple and efficient since it works zs a straiqht X76

muttiplier (see Figure 3.3.3). It is driven by a +20 dBm signal at about
90 MHz and produces about 100 uW at the rubidium resonance frequency of
appreximately 6835 MHz,

3.3.4 Preamplifier. The preamplifier circuit is on a small board located
between the magnetic shield covers at the photodetector end of the physics
package. It converts the photodetector current to a voltaae which drives
the servo-amplifier. The preamplifier board also contains the lamp ex-

citer current regulator circuit. These circuits are shown in Figure 3.3.4.

The preamplifier circuit has a dc trarsresistance of 2060 K., so a
nominal 25 uA dc photodetector current produces a 5 V dc output which
serves to monitor the rubidium lamp. The rreamplifier has an ac trans-
impedance of a 5 M2 which is broadly peaked at the servo-modulation fre-
quency ot about 800 Hz. The normal second harmonic recovered signal is
about 50 mV rms at the preamplifier output.

The current regulator circuit stabilizes the lamp exciter dc cur-
rent at 100 mA under normal operation, and at 200 mA for starting by sensing
the voltage drop across Rl in the dc return leacd.

3.4 10 MHz VCXO Section. The 10 MHz VCXD is located inside the physics

package assembly. It consists of a voltage-controliled crystal oscillator

(VCX0) that is locked by the servo-amplifier to the rubidium resonance
frequency and produces the output signal from the TRFS. The VCXO uses 4

10 MHz 3rd overtone mode SC-cut crystal in & 70-8 nonmagnetic enclosure.
This crystal type is chosen for its smail <ize, ruggedness. fast warm-ui,
and Tow vibration sensitivity. It is mourted on the =1.725 inch diareter
VCX0 board that is attached to the photcdetector end of the “icrowave cavi-
ty ancd therebv shares tne 75°C stabilized thermal ervironment of the cavi-

ty oven.
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The 10 MHz VCXO circuit is shown in the schematic diacram of Figure 3.4.

[t consists of a Colpitte oscillator circuit, a common-base tuned buffer
amplifier, and an ALC detector/amplifier. A transistor arrav is used for

all the active devices. The oscillator and buffer stages form a cascade
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configuration. The crystal network is conventional except for the L1-C6
branch, which suppresses the unwanted "B"-mode oscillation about 11 MKz,

A varactor diode is used to provide voltage control of the osciliator fre-
quency and has a tuning range ot about 5 prr, sufficiert te correct for
VCX0 drift for the life of the TRFS (see Section 4.5). The ALC transistor
detects the VCXO output signal and adjusts the dc bias applied to the os-
cillator stage so as to maintain a constant output level.

3.5 RF Section. The rf section of the TRFS consists of the synthesizer
and amplifier circuits on the rf board that process the 10 MHz VCX0 signal
to excite the physics package and produce the TRFS output.

A block diagram of the synthesizer is shown in Fiqure 3.5.1. The
10 MHz VCXO frequency is multiplied by a factor of 76(S9-1/143) to the Rb
hyperfine resonant frequency of 6834.685316 MHz. Synthesis of 10(9-1/143)
= 89.93007 MHz is accomplished by a phase-locked crystal oscillator which
drives the x76 SRD microwave multiplier in the Rb physics package.

The rf board circuits are shown in Figure 3.5.2. The output from the
10 MHz VCX0 is converted to a TTL signal that drives the synthesizer and
TRFS ocutput amplifier. A portion of the -30 MHz crystal oscillatcr output,
after amplification, is applied to a harmcnic mixer whose other input is a
10 MHz TTL signal. The mixer produces an cutput at the 70 kHz difference

between the ninth harmeonic of 10 MHz and the -90 MHz crystal cscillator fre-

quency. This signal is band-pass filtered and drives an exclucive-0OR C™0S
phase detector via a comparator. The other input of the phace detector 1is
driven via a level translator from the -7C kHz reference siaral which is
obtained from the 10 MHz TTL signal after division by 143.

The phase detector output is low-nass filtered and integrated and anr-
plied as the crystal oscillator control voltage. The overall confiquratior
is that of phaselock loop and it avoids the bulky and critical tuned cir-
cuits of a conventional svnthesizer-multinlier. Wide loon bandwidth
( 5 kHz) is obtained by using translation rather than divicion inside the

loop. This also results in low phase noise since the loop is essentially
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Figure 3.5.1. Synthesizer Block Diagram.

-25-

Mut e o

’ > - - Y
" ) » Aofiai el das Sub g yo e eryeyywywy RACAA A/l 52 4 % 4" a's Jb




(A 2 » 2 ) = ) Buf i g Sl St - /o Al i e Buintofashe Bet iaiigt St aglt 0 St oie® Jiat St it NS A S N N S S SN Ay
" “~
5 (Y-
r -
" o
.

an X9 multiplier and no significant noise is contributed by the -70 kHz
) reference. Wide Toop bandwidth is neceszary to avoid vibrational noise end :
to permit the application of servo modulation. .
.
3.6 Servo Section. The servo section of the TRFS consists of the servo- -
amplifier board which processes the Rb discriminator signal. -

The TRFS servo-amplifier uses a cascaded detector arrangement wherein

R A

the fundamental error signal passes through the second harmonic detector
before reaching the fundamental detector, as shown in the block diagram of
Figure 3.6.1. This has the advantage of requiring less hardware. The op

amp associated with the second harmonic detector also provides gain for tne
fundamental signal. The large amplitude second harmonic signal is shifted
to the fourth harmonic ahead of the fundamental detector, making it pos-
sible to obtain sufficient dynamic range without a bulky and critical

notch filter.

The two detectors are driven by reference signals generated by the
modulation rate generator and detector logic, which also provides a modu-
Tation signal to the rf board.

The second harmonic detector dc outout drives a comparator that indi-
cates lock of the Rb servo. The lock signal is combined with a leve]
detector at the 10 MHz TRFS output to form the built-in-test (BIT) signal.

< ‘-:n.'l“"‘; " et " e TV R Sy Sy .,' T Y ,. %

A sweep circuit is used to insure lock acquisition.

;

'

The circuits of the servo-amplifier are shown in the schematic dia- 0

gram of Figure 3.6.2. .3
3.7 Power Section. The TRFS power section consists of the power and i }$
thermoelectric controller boards and the dc input filters. - g
-

3.7.1 Power Board. The TRFS power board contains three circuits, a power .;
supply and two temperature controllers. The power supply dc/dc converter :}
g
produces outputs of +6 V and +16V from the +26 V dc electronic power input. f‘
The +6 V output is requlated to +5 V and supplies the digital circuits. b
R

r
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The +16 V outputs supply the analog circuits via the +17 V requlators.
tach of these three outputs has a load current of about 105 =A. The two
temperature controllers use the +28 V dc heater power input to maintain
the lamp and cavity ovens at their proper opcrating temperatures of abcu®
+115%C and +750C, respectively. The temperature controllers also contain
boost circuits for fast warmup (see Secticrn 4.6). Each of the three ef-
ficient switching power circuits operates at about 50 kHz and uses an IC
controller device. The dc/dc converter is a flyback configuration while

the two temperature controllers are or the series switching type.
The power board circuit diagram is shown in Ficure 3.7.1.

A1l these power circuits (and those far the thermoele tric cooling
controller described in the next section) are designed to withstand the
transient requirements of MIL-STD-704 Category B and "IL-STD-1275 as
specified for the TRFS (see sections 3.7.3 and 4.3).

™ %% "

3.7.2 Thermoelectric Controller. The thermoelectric contrcller board

holds a switching power supply that genera*es and controls the power to the

thermoelectric cooling modules. This ¢ircuit senses the baseplate tem-

S RARRIE

perature and operates *o cool the physics rackage as necessarvy o extend
its upper operating temperature limit. The thermoelectric controller

circuit diagram is shown in Figure 3.7.2. ‘See section 4.1 for a more

I )

complete descrintion of the TRFS thermoele-tric coo’ina features.)

RS AR B

3.7.3 Input Filter. The TRFS heater and uvlectronic dc irrut power lines
are filtered by the input filter board shown in Fiqure 2.7.3. The<e cir-
cuits provide transient protection and EMI filtration as de<criped in

Section 4.3.

3.8 Interconnections. The interconnecticns hetween the varicus TRFS sub-

assemblies are shown in Figure 3.8.
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4. DESIGN FEATURES

The EG&G TRFS contains a number of unique design features that combine
to give it exceptional performance in a tactical environment. These fea-
tures are described in the following report sections. In addition, the
TRFS has a number of features in common with other EG&G militarized
rubidium frequency standards. These standard features are as follows:

1. Ultraminiature physics package with discrete filter cell.

2. High reliability rubidium lamp with calorimetric fill control.

3. Low noise custom photodetector.

4. Current requlated lamp exciter contained within lamp oven assembly.
5. VCXO within physics package assembly.

6. High efficiency switching power circuits.

7. PLL synthesis of direct be submultiple.

3. High frequency squarewave phase modulation.

9. Wide servo bandwidth.

4.1 Thermoelectric Cooling. A particular feature of the EG&G TRFS design

is the use of thermoelectric cooling of the physics package tc meet the
80°C maximum baseplate temperature without compromising the stability of
the rubidium reference signal. The following discussion provides the
rationale for this approach.

To achieve operation at maximum baseplate temperature of SOOC, one
would normally require that the physics package and, in particular, the
cavity containing both filter and absorption cells, operate no cooler than
90° - 95%C. This is to allow for a nominal temperature rise from
baseplate to cavity and still provide a small requlation range for the
cavity oven controller. There is also a tradeoff hetween cavity to
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baseplate temperature differential at high baseplate temperature and the i
power required at low baseplate temperatures. j:
f:,'-
. . . . ™ )
That cavity temperature is considerably higher than the 757C value f:
at which optimal signal parameters are obtained for the small physics B
package. The changes necessary to optimize operation at the higher tem- o
peratures would result in increased line width due to increased relaxaticn Iy
L8
rates due to spin exchange collisions and would require greater light in- e
tensity to maintain signal. The latter will further increase line width 2
and unduly increase the filter cell temperature coefficient. It is esti- ::;
mated that the line width would be increased by 50 from about 800 to s,
O
1200 Hz with an attendant reduction in line § and discriminator slope. ﬂ}-
X0
A further disadvantage of higher cell temperatures is the potential .,
for Rb reactions with the N2 component of the buffer gas ar Rb loss due 5;
to diffusion through the glass. Buffer gas reactions would result in ex- :3
g
cessive frequency drift. Rb loss would require excessive initial fills ;*
feading to vibration problems as excessive Rb "“splatters" about the cell g?
in vibration and shock environments. o
W
There are two approaches to circumvent some or all of these probler: ;5
associated with 80O baseplate temperatures. The first makes use of Raoult's L
law depression of the rubidium vapor pressure by using a solution of ru- if
bidium and potassium. A three-to-one molar ratio of K to Rb would depress ﬁf
the Rb vapor pressure roughly a factor of three. With this approach, :;
the cell running at 90°C would have an Rb .apor pressure equivalent to Ff_
75°C.  This would alleviate some of the signal problems, but would leave -
several high risk unknowns and disadvantages. Among these are uncertainties ::ﬁ
regarding cell processing, iong term stability, vibrational Rb splattering o
and longer warmup time. 4
:k:
The second approach to alleviating the high baseplate temperature -
o
problem is to employ thermoelectric cooling at the upper baseplate tem- ::
peratures. This is the more favored approach as it eliminates all the ];
unknowns, risks and disadvantages associated with high temperature operation K
l:’
o
Y
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of the physics package. This approach is also consistent with high S/N
ratio for good short-term stability and the use of wide servo bandwidth
for vibration immunity. The proven cell technology and low operating

- V temperature made feasible by thermoelectric cooling reduce the uncertain-
ties associated with long-term stability of the TRFS. This approach also
provides the capability for operation at baseplate temperatures considerably
higher than 80°C.

The thermoelectric cooling has been implemented at the physics package
(rather than cooling the entire frequency standard) to minimize the amount
of heat which must be pumped and the required thermoelectric power. Also,
by having the thermoelectrics inside, the overall dimensions of the fre-
quency standard are not affected.

The design also allows internal shock and vibration isolation of the
physics package and crystal oscillator, as shown in the cross sectionatl
view of Figure 4.1.1.

A plot of the required thermoelectric power versus baseplate tem-
perature is shown in Figure 4.1.2. Only about 2!, watts is required at
30°¢. Experiments with our package indicate that operation to +93°¢
baseplate temperature is feasible with a thermoelectric cooling power of
about 10 watts. The overall power at this very high temperature is, there-
fore, about the same as it is at the -55°C end. This permits operation to
the full MIL-E-5400 class II +95°C intermittent conditions should that
ever be required. The thermoelectric cooling also allows the absorpticn
cell to actually operate cooler, thus improving the stability, speeding
warmup and reducing operating power,

4.2 Performance Under Vibration. One of the most important challenges

e
;

associated with the TRFS design was to assure that the unit meets the
required performance under exposure to vibration. Besides the usual me-
chanical packaging constraints, this involves maintaining adecuate fre-
quency stability, timing accuracy and spectral purity.
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The TRFS is required to maintain the signal-to-noise performance of
paragraph 3.2.1.7 of Appendix A and the -#" dB non-harinonic distortion
tevel of paragraph 3.2.1.8 under the vibration environments of paragranh
3.2.5.3. It is also required to maintain <ime cunsistent with a fre-

-10

quency offset of 5 x 10 under the performance level of random vibraticr

of paragraph 3.2.5.3.1.1 and to have a freguency error of less than

1 x 10'9 under the sinusoidal vibration of paragraph 3.2.5.3.2. The EG&G
TRFS design meets these requirements by the combination of a vibration-
immune Rb physics package, a wide servo bandwidth and a low q sensitivity

quartz crystal oscillator.

4.2.1 Basic Considerations. There are twc basic ways in which the ste-

bility and purity of a rubidium frequency standard are affected by mechanical
vibration:

(1) Direct vibrational modulation of the crystal oscillator cutout.
(2) Indirect disturbance of the crystal oscillator via the serveo loop.

The first mechanism, because of correction by the Rb servo, is dominant zt
vibration freguencies higher than the servo bandwidth, while the second
mechanism is dominant at vibration frequencies below the cervo bandwictn.
Both mechanisms can be important at vibration frequencies near the servo
bandwidth.

The second mechanism can be divided into two different causes:

{(Za) Spurious recovered signal outpu* from the Fb phvsics

package due to vibrational modulation of tr - ligrt.

(2b)  Spectral ourity impairment of the rf excitation to the
Rb physics package due to vibrational moduiation of the

crystal oscillator.

Effect (1) is 3 broadband dynamic effect that does not vroduce a

frecuency offset. Effects (2a) and (b) v usually narrowhard cfferts
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at the fundamental and 2nd harmonic of the servo modulation rate, fmod Q
and 2 fnod’ respectively, and can produce a frequency offset. Effect (2b) 3

can also cause offsets over a range of low vibration frequencies.

These effects are summarized in Table 4.2.1.

y
3

4.2.2 VCXO Effects. Vibrational modulation of the 10 MHz VCX0 is an
important factor in the overall performance of the TRFS.

The resonance frequency of a quartz crystal is acceleration dependent.
This sensitivity causes the spectral purity, phase jitter, and short-term
stability of a crystal oscillator to be degraded by exposure to vibration.
dithout the atomic reference, this effect extends from ctatic tipover
throughout the range of vibration frequencies, and is dependent on crystal
cut, construction, orientation, and structural isolation. Spurious com-
. 3t a level (dBc) of:

o

porents are produced at + fvi

L(F .. ) = 20 1o o fy o G ;
vib! T €% 1990 — “
vib
and frequercy stability is degraded to:
.2
sin“(n - f . - 1)
(o) = n vib
AR - Cf .
Y vib
where: - = fractional frequency
. .. -1
acceleration coefficient (g )
4 ;
E G = peak acceleration K
~ . -4
b applied to crystal (q) N
- e
g = averaging time (seconds) "3
2
" £ .- vibration freguency (Hz) R
- vib Ty
-y
f‘ f = carrier frequency (Hz) 3
g ° g
'
=
- A
I-.
- A
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For example, for a crystal having a vy = 1 x 10_9/9 along its most
sensitive axis and directly exposed to a vibration level of 1 g peak at
5 Hz, the spurious level would be -60 dBc and the resulting frequency
stability is shown in Figure 4.2.1.* The average frequency is not af-
fected by this direct modulation of the crystal oscillator.

The situation is improved by the atomic reference to the extent that
there is sufficient servo bandwidth to reduce the disturbance, provided
that the atomic reference itself is not sensitive to vibration. The EGAG
TRFS servo bandwidth is about 100 Hz.

This allows active correction of the crystal oscillator by the ru-
bidium reference at low vibration frequencies that, because of the f'l
dependence of phase noise modulation, are the most critical. (This is

also the region of vibration freguencies where external and internal vi-

bration isolation is not feasible.)

The main limitation on the maximum possible servo bandwidth is the
servo modulation rate, which determines the rate at which information is
obtained from the physics package. The modulation rate must be several
times higher than the servo bandwidth for reasons of servo stability,
phase shift and ripple filtration. The modulation rate is, in turn, sub-
ject to a number of trade-o%fs having to do with the modulation waveform,
resonance linewidth, recovered signal amplitude, and phase and frequency
offsets introduced by modulation distortion. These tradeoffs have been
the subject of extensive investigations at EG&G and have resulted in the
choice of sguarewave phase modulation. This apprcach gives optimum re-
covered signal at high modulation rates as well as relative immunity
from modulation distortion effects.

* This expression has nulls when f T equals an integer since the

vib’ _
coherent modulation is averaged out. The envelope falls off as < !

\ : -10

X and has a maximum value of 3.5 x 10 at fvib -1t 0.5
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The wideband servo also avoids spectral purity impairment of the rf
excitation to the Rb physics package due to vibrational modulation of the _
crystal oscillator at low vibration frequencies. Otherwise a considerable N
portion of the microwave carrier power could be transferred into large \
amplitude vibrational modulation sidebands. (These sidebands are en- .
nanced by 57 dB by multiplication from 10 MHz to the 6835 MHz rubidium 4
resonance frequency.) It is even possible for the carrier power to become :
zero at certain modulation indices that result in a Bessel null. The K
servo correction of the crystal oscillator is able to eliminate this problem.

Another 10 MHz VCX0 effect occurs at the 2nd harmonic of the servo
?
modulation rate, where servo correction is not possible. Here vibrational »

sidebands on the microwave excitation interact with the normal servo modu-

WO B WYY
-
-

- lation to produce a spurious fundamental recovered signal that can cause e
- a frequency offset. This effect is very similar to that of even order
modulation distortion and significant frequency offsets are possible.

. This problem is solved by (1) using a high modulation rate so that its

P LTSN

2nd harmonic is high enough to avoid high g inputs because of external and

»

internal isolation and so that the resulting PM index is lower; and (2)
using a low g-sensitivity crystal.

y G Sh e

! 4.2.3 Physics Package Effects. It is necessary that the rubidium physics

.

package be sufficiently free of vibration susceptibility that it can serve
as an adequate reference to proverly correct the crystal oscillator within

“ ‘g"r"w. A

the servo bandwidth. If a spurious recovered error signal is produced,
the servo, rather than correcting the crystal oscillator vibrational modu-
lation, will impair the stability and purity of the output signal. <

A spurious rubidium reference error signal can be produced b/ mechani-
cal deflection of the physics package light path. This is particularly
important at a vibration frequency equal to the servo modulation rate (and
perhaps its odd harmonics) since the spurious recovered signal will be
processed by the servo amplifier synchronous detector to produce frequency
e2rror. A change in light of only about 0.5 ppm under these conditions

RIS
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corresponds to frequency error of 1 x 10‘10, so extreme rigidity of the
physics package light path is required. !Motion of the entire physics

package is relatively unimportant, but relative motion of the lamp and photo-
detector, or deflection of any of the optical components (windows, cells

or lenses) is very critical. In the EG&G ultra-miniature physics package

all these elements are bonded into the lamp and cavity ovens and the ovens
are rigidly connected by a stiff cylindrical spacer. (This piece must have
relatively Tow thermal conductivity, however, since the two ovens are at
different temperatures. It is therefore a non-metallic material and about
the length of the lamp oven.)

Other critical items regarding the physics package vibration sensitivity
are the lamp exciter and microwave multiplier. Motion of these items,
especially at the servo modulation rate, could also introduce AM on the re-
covered signal. The EG&G lamp exciter is constructed as part of the lamp
oven assembly to avoid motion of the interconnections. Similarly the SRD
multiplier is built into the cavity assembly.

The rubidium reference can also be impaired by vibrational modulation
of the crystal oscillator causing sidebands on the microwave signal that
excites the atomic resonance. These sidebands are symmetrical and cause
1ittle frequency offset unless uncorrected by the servo and are at a rate
and deviation such that a Bessel null occurs. This latter effect is not
a problem with the wide-bandwidth TRFS servo design.

[t is also necessary that excessive vibrational modulation not be
caused by the synthesizer and rf multiplier chain. In particular, the
~90 MHz crystal oscillator must be tightly locked. (The synthesizer has
a PLL bandwidth of about 5 kHz.)

Vibration can also affect the distribution of the rubidium inside the
Rb lamp. EG&G has conducted vibration tests specifically to investigate
this phenomenon. It is important to avoid excessive Rb fill, yet provide
an amplie amount to assure satisfactory life. EG&G has conducted exten-
sive research on long-life Rb lamps and uses calorimetry to control lamp
fill.
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4.2.4 Vibration Isolation. Vibration isolators in the form of silicone

rubber pads are included between the magnetic shields of the physics
package as shown in Figure 4.1.1. Since the 10 MHz VCX0 is part of the
cavity assembly inside the physics package, these isolators protect both
the VCX0 and physics package.

No mechanical isolation is required at low vibration frequencies where
there is no physics package vibration sensitivity and where potentially
severe modulation of the crystal oscillator is actively corrected by the
wideband servo. (This is fortunate because isolation is impractical at
low frequencies.) Significant mechanical isolation of the VCX0 is desir-
able, however, at higher vibration frequencies and especially at the
critical 2 fmod frequency of about 1600 Hz. Such high frequency vibration
isolation is also valuable for shock protection of both the VCX0 and
physics package.

The most critical design parameter for the vibration isolators 1is
their resonant frequency where actual amplification of the input g level
takes place. It is undesirable to locate this where the specified en-
vironments also peak since this would further raise the maximum g level
at around 33 Hz. It is desirable, however, to locate the isolator reso-
nance low enough so that no significant peaking (and perhaps some useful
attenuation) takes place for the critical physics package frequency at
(about 800 Hz). Thus the isolator resonance is adjusted for the

f.'
mod
optimum point at about 200 Hz.

The vibration isolators aiso have an important thermal function as
a primary means of heat transfer from the physics package. Too much

conductivity raises the low temperature power requirement and increases

458

j the warmup time. Too little conductivity increases the self-heating of

i: the physics package and normally lowers the maximum baseplate operating

Eﬁ limit. Fortunately this latter constraint is greatly relaxed by the in-

L' . . - .

kj clusion of the active thermoelectric cooling and the isolators can be

‘. .

:} optimized for mechanical and lc¢w end power considerations. The temperature
4
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rise of the inner cylindrical shield alsc =liminates extreme changes in

the properties of the silicone rubber isclators at low temperatures.

4.2.5 Discrete Spurious. The TRFS discrete spurious reauirement {(non-

harmonic distortion) is -60 dBc and applies at all sideband freguencies.
This recuirement applies under all environmental conditions and, most
particularly, under the operational sinuscidal vibration. Such vibration
modulates the crystal oscillator and produces discrete spurious components
on the TRFS 10 MHz rf output at a sideband frequency equal to the vibration
frequency. The level of these components depends on the g level, fre-
guency and axis of the vibration, the respcnse of the crystal oscillator
mounting structure, the g-sensitivity of the crystal (along the particular
axis of vibration), and the correction applied by the rubidium servo.

The worst case for the generation of discrete spurious components
under vibration occurs in the 30-40 Hz recion. Here the applied vibra-
tion is the greatest, the frequency is relatively low (which, because of a

-1
f

from the internal vibration isolators and there is little correction from

dependence, increases the spurious level), there is no attenuation

the servo.

In particular, the largest applied sinusoidal vibration is 14.25 ¢
pe>- 2+ 22 K Hz along tho vertical axis (due tn peakina from the externa)

vibration isolators). Without mount attenuation or servo correction,

the maximum allowable crystal g-sensitivity is 4.6 x 10'1O/g. Some servo

correction does occur, however, (about 14 4B or x 5) and the crystal is

oriented so that its maximum g-sensitivity 1s not along this axis. A

9

crystal with a readily achievable g-sensitivity of 1 x 10" 7/c can therefore

'

meet this requirement. 5
. . . . . . . ]

The situation in the horizontal axis is similar. The meximum g-leve o

o+

is 10.5 q peak at 55 Hz, which, without attenuation or correction reguires >
- N,

a crystal g-sensitivity that does not exceed 1.0 x 10 9/@. And again, ~

- .
a
f'n 1,

there is some improvement by the servo.

s
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Overall, the discrete spurious under sinusoidal vibration is sum-

marized in Figure 4.2.5.1.

Curve (A) of Figure 4.2.5.1 shows the allowable vibration level (in

B AL

dB relative to 1 g peak vs vibration frequency in Hz) that can be applied

to a crystal having an acceleration sensitivity of 1 x 10'9/9 and not

exceed a discrete spurious level of -60 dBc on the 10 MHz output. This

‘: curve applies to the crystal itself in the worst axis without vibration

' isolation of servo correction. Curves (C), (D), and (E) show the specified -
Tevels of sinusoidal vibration for ground mobile and vertical and hori- '
zontal axes in airborne applications. The discrete spurious requirement

would not be met in the region below about 50 Hz. The EG&G TRFS uses a

wide (100 Hz) servo bandwidth as shown in Figure 4.2.5.2 to tightly lock :
N the crystal oscillator to the stable rubidium reference and thus greatly

improve this situation. Curve (B) shows the allowable vibration level with

the Rb servo. A design margin of about 6 dB (x2) exists.

Furthermore, the crystal sensitivity is less in certain directions and

- afelalalel oy

it is aligned so as to further reduce the spurious level for the vertical
axis along which the applied vibration is highest.

The EG&G TRFS design therefore meets the spectral purity requirements

pr—
- <
¥e € L

under the specified levels of sinusoidal vibration.

4.2.6 Phase Noise. The TRFS phase noise (signal to noise) requirements

O

are as follows:

- Sideband Phase noise
5 Frequency SSB, 1 Hz BY
f, Hz L (f), dBc/Hz at 10 MHz

1 -€0
100 -80
1000 -95

PRCNOSERENE S N

These requirements apply under all environmental conditions, includ-
1ng random vibration.
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Under quiescent conditions the TRFS nhase noise at low sideband

frequencies is determined by the noise of the rubidium reference since

X

the crystal oscillator is tightly locked t~ it by a wide handwidth servo.

The rubidium reference has a white frequer:v noise characteristic due

" P

orimarily to shot noise at the photodetectior.

This determines the short-term stability of the rubidiur refercnce

(and overall TRFS) which is specified as less than 4 x 107'1<7< ¢or 1< 1

L

< 100 seconds. When converted to the freauency domain, this corresponds
to a phase noise level of L(1) = -68 and L(100) = -128 48c 4z at 10 MHz.

Somewhat better short-term stability is actuallv obtained because ¢of the

relatively cool cell operating temperature nermitted by the thermoelectric

F o1

cooling and other physics package features. These phase noise require-

ments are therefore easily met under gquiescent conditions.

Under quiescent conditions at low sideband frequencies near the car-
rier within the 100 Hz Rb servo bandwidth, the L{f) value nust be consistent
with the S/N ratio of the Rb reference.

Y L

; At the sideband freguencies above the servo bandwidth (>10C Kz), the
TRFS phase noise is determined by its crystal oscillator. A Figh O crystal
and a low noise oscillator configuration is used and the L{1072) value is
about -145 dBc/Hz, greatly exceeding the -95 dBc/Hz requirement under

' auiescent conditions.

N The expected overall TRFS phase noise characteristic under auiescent
. conditions is shown in Fiqure 4.2.6.1.

! The TRFS phase noise is dearaded considerably under expnsure to tre

P )

specified levels of random vibration, but is still able *o meet the re-

auirements. This is made possible, primarilyv, bv the wideband servc cor-
rection of the low freauency vibrational ~~dulation of the crsstal oscil-

lator,

The design levels of TRFS phase nuise under rdandom vibration are <hown

in Figure 4.2.6.2. Below 10 Hz, the phase noise followe the b reference
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and above 100 Hz it follows the VCX0. Between 10 and 100 Hz it is scrme-
what better than for the VCX0O alone. In all cases the specified performance

",

is met.

4.2.7 Frequency Stability. Besides the spectral ourity requirements

(phase noise and discrete spurious), the TRFS must also meet specific
frequency stability requirements while exposed to operational vibration.
b The normal short-term stabilit. specification is replaced by a 1 x 10~
' —aximum allowable freauency errcr during exposure to sinuscidal vibration,
Averaging times of 1 second below 20 Hz and 0.1 second above 10 Hz are

to be used as the vibration frequency is siowly swept.

The most critical aspect cof this requirement is that the TRFS not
unlock or be subject to unaccertable frequency offsets when the vibraticn
frequency is at or very near tne servo modulation rate o= its second

Farmonic.

At other vibration frequencies (not related to the servo modulatior
rate} no steady state frequerc. offsets are produced but the frequency

scatter can be degraded because of vibrational modulation of the VCXO.

The requirement for a clock error not exceeding 900 nsec during a

half-hour arussure to random vibration {corresponding tc a freaguency off-

. . -10, ., . . o rac
et of less tharn 5 x 17 ) is essentially a reguirement *hat the TRFS

W

recgin contingously locked to *re Rb reference.

d 2.3 Power Transient Protectior. An important ascect of the TRFS gesien
_ T . . .

& the nrotection of the heater and electrornic circuits against power

:3 Tine transients, ripple and reverse polarity.

The TR*S has *wo input voitage lines with 3 single ground veturn,

|
_\.'..L.“.’k.'

The oven heater power is +28) dc nominal in accordance with "IL-STD2-704,
, Caterary B laircraft), MIL-ST2-1275 (vehicles) and the specific tringier®
‘.
> arditigne of the TRFS specifi a<ior. The electronic uower 1s +2%V dc
X romina ) ir oaccordance with tro ¢ care standards except that the ciprie arc
P .
»
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transients are somewhat less severe. Oiherwice, the riprnle is specifiad

by the CSO1 EMI requirements of MIL-STD-%F7 . These peower utilizaticn

-

and transient protection requirements are 315 described in ARINC Rerort

413. Overall, they have significant desis “rpact and necessitate a

e T AT

number f specific protective measures a< described below.

N

The TRFS power transient protection scheme is shown in the simp’i- x

fied schematic diaaram of fiqure 4.3. (The individual schermatics for the ii
input filter, temperature controller/prower supnly and thermoelectric caon- ;ﬂ
troller should also be examined for more srecific informaticn. These -
are Figures 3.7.3, 3.7.1 and 3.7.2 respectively.) 5_
)

N -

Series diodes are used in the positive leads c¢f toth the heater and Sj
electronic power inout lires. These diodes provide ~rotection for reverse }:
nolarity, both transient and sustained. Tney have PIV ratings tnat es- {u

ceed the maximum rever<e transient voitage: ard have dveranc cyrrent

3
o %

e
’l.‘

ratings and heat sinking adequate for the normal TRFS warrur and operatinn,

Their only disadvantage is an efficiency 1u<s of ahout 4

LV A L
«

. AR
..I

s

The diodes in each power line are followed by LC filter cections.

These filters provide high frequency input ripple atteruatinn and atter -

"y Yy

ation of fast transients. They are also rrcessary to attenuste the Cord, el

[ONEA A e

enissions from the TRES jpower switching cirauits {at ancrori-asely 270 vz, -
in osrder to meet the CEQS EMI requirermentc of MIL-STD-447, 7
N
-.':-
The LC filter cections are followed 4 transiont zbheart inn Coror Y
. . / »
dindes that provide overvoltage protectiar for the varicis ivaoits, s
The ¥ey to the apolication of these devices de inciusicn oFf @, 9% dnr 'vt
crredance, oither the specified trancient iroedance for cre croye ongnar .
. . A‘f:
trargiant yoltaaes, ar the TRFS oven neater dand thermoe ooy prneair o E
»
nr cthey coriec reqistars, -
I.\
n,‘\
, | - | | . | s
inoaddision, the TPFS pnwer innut Tt have of T Ty Agyven sy -
“«
‘ . - o
At the nower cornector that nroyvides atterrane af v S a0y i q
diucted suscentibility and emisginng, T
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by, 4.4 Monitors. The RFS interface diagram {Figure 1 of Appendix A) defines
o the usage of the 13 J2 pins (see Table 4.4). Two monitor signals are ;
’ defined: the Resonance Loeck (BIT) signal on pin 1 and the Crystal Con-
:. trol Voltage on pin 2.
e
i The Resonance Lock (BIT) output is & 2o/no-go signal with the
;f electrical characteristics of paragraph 3.Z2.1.1.b. Ry combining the )
:3 Rb servo lock and 10 MHz output lovel detectors, the BIT detects essen-
\ tially all (> 98.6%) TRFS failures per paragraph 3.2.4.1.1.
; The Crystal Control Voltage output s intended to show the need for
;ﬁ recalibration of the crystal oscillator to correct for its drift. The
ﬁ EG&G TRFS design uses a high stability precision crystal with a rela-
i tively large tuning range and should not require any such recalibration over
j E the 25 year useful lifetime of paragraph 3.2.3.1 and certainly not as often
B as every 10,000 hours (approximately 1 year) as allowed in paragraph
;ﬁ 3.2.4.1.3 (see section 4.5).
L
5 TABLE 4.4
E‘ J2 Connections
N
Pin(s) Usage
o 7, 8, 13 Heater Power
:ﬁ 11 Electronic Power
2 4, 5, 12 Ground
> 1 51T (Lock)
'E 2 Control Voltage “onitor
? 6 Spare :‘
‘S 3 Not Used \
10 Not Used
9 Spare &

4.5 VCX0 Trimming. The varactor tuning range of the 10 MHz VCx0 1s wide
enough that no mechanical trimmer is required for coarse freaquency adjust-

ments. Not only does this eliminate the necessity for any form of

)
[ T |

64 -
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preventative maintenance (and the attendant logistics effort and cost) but
it also eliminates a relatively large, unreliable and vibration sensitive
component.

4.6 Warmup and Power Consumption. The EG&G TRFS contains provisions for

ultra-fast warmup. The TRFS must lock up in only 1.5 minutes and achieve

a frequency tolerance of 5 x 10'10 within 2.5 minutes at room temperature
(and within 4.0 minutes at -5506). This is accomplished with low addi-
tional compiexity by adding a tap to the foil oven heaters and using one
section alone as a boost heater during warmup, thereby increasing the oven
demand power. This is accomplished with only 1 additional wire for each
oven and a simple controller switch circuit. The total TRFS demand power 1is

only about 95 W. at maximum supply voltages, less than the 110 W. allowed.

EG&G has conducted thermal fatigue testing on the TRFS ultrafast
warmup physics package design and has proven its ability to withstand
thousands of on-off cycles.

The EG&G TRFS also has low power consumption under steady state con-
ditions. The TRFS power consumption is summarized in Table 4.6.

TABLE 4.6
TRFS Power Consumption (Watts)

Condition Spec Actual
Warmup 110 74 *
-55°¢ 23 18
+25°¢ 17 12
+80°C -- 10

* At nominal supply voltages




5. RELIABILITY

A detailed parts stress reliability aralysis per MIL-STD-2170 was
conducted on the TRFS design under the specified conditions. This
analvsis is included as Appendix B to this report and the results are
summarized in Table 5.0 below. The predicted reliability is well within
that required in paragraph 3.2.3 of the specifications.

TABLE 5.0
TRFS MTBF Prediction Surmary
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Cooling Air MTBF {Hours)

Environment Temperature  Specified Predicted

Airborne Uninhabited, Fighter (AUF) 2°¢ 12,975 23,683
Ground Fixed (GF) 30% 34,408 101,802
Ground Mobile (GM) 40°¢c 21,352 36,224
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6. ENGINEERING TESTS

Engineering tests were conducted as appropriate throughout the
TRFS develoopment effort in accordance with paragraph 4.1.2.3 of the
specifications and good engineering practice.

Some of the more significant of these engineering tests that in-
volve items not otherwise covered by the qualification tests are dis-
cussed in the following report sections.

6.1 Warm-up Endurance. The warm-up of a rubidium frequency standard

subjects the physics package to thermal fatigue stress, narticulariv
when a relatively high demand power is used to achieve fast warm-up.
Engineering tests were therefore conducted to verify the ability of the
TRFS design to endure thousands of turn-on cycies.

A physics package with warm-up boost heaters was assembled and
instrumented early in the TRFS development program and has accumulated
over 7500 turn-on cycles over a period of 25 months without any sign of
wearout. Our confidence in the design is further strengthened by simni-
lar testing conducted on complete EG&G RbXO units where four RbXOs
were on-off cycled twenty times per day while being subjected to a -62
to +68°C temperature cycle for 180 days. These units withstood over
14,000 on-off cycles, 700 temperature cycles and 18,000 operating hours
under these severe conditions with a single failure. Furthermore, the
one failure mechanism, lack of ztress relief in a bead thermistor lead,
was corrected.

6.2 Crystal g-Sensitivity. 2-g tipover tests were conducted on four

TRFS crystal oscillators. These tests measured the static g-sensitivity
of the four 10 MHz 3rd overtone SC-cut TO-3 crystals while operating
in TRFS sscillator boards in a special test oven.

The test results are shown in Table 6.2. The crystal g-sensi-
tivities are at or below 1 x 13'9/9 along the principal axes and the
resultant vector sensitivities are at or slightly above 1 x 10'9/0
This is adequate to meet the TRFS reauirements as discussed in section

4.2 of this report.
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Dynamic vibration tests were also conducted on three of these by
oscillators. Their rf spectrum was observed while undergoing 5 g peak E;
sinusoidal vibration at 100 Hz and the resulting sideband levels were !
; related to the crystal g-sensitivity. These results (also shown in ii
3 Table 6.2) are in good agreement with the static measurements. These F:
X dynamic tests were also conducted with random vibration and at vibrat- ;f
' tion frequencies between 25 and 2000 Hz at levels up to 10 g, with .
; similar results. ;i
E 6.3 Vibration Resistance. To verify that the TRFS package was capable r
[ of withstanding the specified vibration levels, the two major assemblies
were subjected to the worst of the vibration levels. The first was the =
d assembly of the physics package, magne.ic shields, resilient mounts, and Q}
p thermoelectric modules. Measurements of the response of various ele- :”
ments were made using a hand held vibration probe, and modes observed f
with a strobe. The resistances of the thermoelectric modules were %.
measured before and after vibration to check €or fracture of the thermo- s
electric elements or solder joints. -
The other assembly tested included the main structure with printed L
)
circuit boards mounted. Tne outer cover was left off to allow measure- S
» ments with a hand held vibration probe and observation with a strobe, but R;
-‘
1 it was structurally simulated by a sheet metal back support. Although no I
failures occurred, the testing indicated improvements in the mounting of S
the printed circuit boards whicn were incorporated into the design. ”
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7. QUALTFICATION TESTS

Qualification tests were conducted on two TRFS Full Scsle Engine-
ering Models in accordance with a TRFS Qualification Test Plan prenared
for the U.S. Air Force Electronic Systems Division by Support Systems
Associates, Inc. (see Appendix C). With only minor excepticns as noted
in the detailed test reports, the EG&G TRFS design is fully compliant witn
the requirements as evidenced by passage of all qualification tests.

The detailed test reports that follow are organized according to the
qualification test sequence given on the test plan. A summary ¢f the
qualification test compliance is shown in Table 7.0.

7.1 Physical Inspection. The two TRFS full scale engineering models were

inspected for compliance with the physical requirements of weight, di-
mensions,finish and connectors per paragraph 5.0 of the test plan. Both
units were fully compliant with the requirements.

7.2 Performance Tests. Performance tests covering the main TRFS per-

formance parameters were conducted on both full scale engineering models
in accordance with Section 6 of the test plan. The results of these
tests are shown on the Performance Test Data Sheets, Table 7.2. A more
detailed description of each of these tests is given in the following
report sections.

7.2 Harmonic/Nonharmoriic Distortion. The levels of harmenic and non-

harmonic (spurious) distortion on the TRFS 10 MHz output are limited

to -30 dBc and -60 dBc respectively per paragraph 3.2.1.8 of the speci-
fications. These distortion components were measured on both full scale
engineering models using a rf spectrum analvzer as shown in Fiaure €-1
of the test plan. A crystal notch filter was used to lower the level

of the 10 MHz carrier tc improve the dynarmic range of the spurious
measurement. The results of these tests are shown in Table 7.2; both
units comply with the requirements.

Compliance with the -60 dBc spurious level is also required under
conditions of sinusoidal vibration and was one of the most important de-
sign considerations for the TRFS. This requirement is also met, as de-
scribed in Section 7.4.4 of this report.
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TABLE 7.0
Qualification Test Compliance Summary

Test Plan S/N S/R
Para.# Test 101 102 Remarks ]
5.0 Physical Inspection " v
6.1 Harmonics/Non-Harmonics v v ]
6.2 Voltage Sensitivity v v
6.3 Frequency Adjustability v v
6.4 Orientation Sensitivity Y v
6.5 Magnetic Sensitivity * v shields unannealed
6.6 Frequency Retrace v .
6.7 Built-In Test v
6.8 Crystal Control Voltage v ,
6.9 Short Circuit Protection v v
6.10 Short-Term Stability v v
6.11 . Qutput Impedance v '
6.12 Warm-Up & Power Consumption Y ’ i
- - —
6.13 Signal-to-Noise v v ]
P 7.1 Output & Frequency v v 41
rs.l Temperature/Altitude ' . }
8.2 Temperature Shock ' , o
8.3 Random Vibration - v
8.4 Sinusoidal Vibration - ,
8.5 Bench Handling - ,
—
2.6 Operational Shock - , o
3.7 Acceleration - K
- 3.8 Acoustic Noise - , !
28 3.9 Humidity , . 4,_1
ﬁ 8.10 Fungus v R
9 8.11 Explosive Atmosphere K -
,° R,
L 8.12 Rain - , |
. — — - ——— e
» 8.13 Salt Fog , .
A .
- 3.14 Sand & Dust J/ .
s -4
" 9.0 EMI * - 2 rangr outages i
- 17.1 Long Term Stability v ,
- Legend: .+ = passed
p - = tested
i'_, S71- * o= o5eQ retarky
)
)
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Table 7.2
>
TRFS PERFORMANCE TEST DATA SHEET /b ___\_T___ .
SEQUENCE  F.na/ vate: JJS - !Z//SLES
iNITIALE: ¥DL wvﬁ_
PARAMETER VALUE LIMITZ UNITS v
Output;
Level 0.55 0.45-L.65 Vrms e
Harmonic {(max.) - A0 <-3u dBc e
Spurious (max.) :iwp -¢o <-60 dbc (v
Voltage Sensitivity: )
23.4-28.6 (Elect.) <.53 <1 pplol; # e
22.0-32.0(Elect.) Lo < 5 pplJd «* ()
lieater Dropout —.003 s 01 pplo® ¢l
Adjustment Range: .
3
Maximum [.¢ »pl0
dininmum 3.4 iy “B
A Y i -7 pp u
Range 8 23 prl(.z ..
Setting £/ 2 plul‘ v
Orientation “ensitivity: 11
Normal® -2 Fplo
Left Side Down <| 5 pploii * [
Top Side Down < | 5 pplo * [l
Right 3Side Down < | 5 pplOJ,‘i * [ S
Back 3S1de Down | S pplail * (™
Front Side Down - | 5 pplo - L)
Magpetyc Sepcitivity: ,
X-Ax1s [ 2 FplCTlGause CUING)
Y-AX1S 0.5 < ppld j":au-_., [
Z~AXx1s3 0.2 b pplblfuuusd v
Retrace:
Inittial -2.3 p;;lO‘:‘}
rnon s1 P ) H)Luz,
Turnon 32 - 2.1 ,Jrlul,
Turnon &3l ~- 4.2 Fplol T
- ] 11
Zrror {(max.) (1.3 <5 pplo + I
313 .
Leaxkage <10 <100 W AdcC ¢ ;
‘oltage .08 ~1 vdo V-
ciatrel Voltage:
voltage £.95% S.5-4.5 Vdc
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TRFS PERFORMANCE TEST DATA SHEET (cont'd)

- PARAMETER VALUE LIMITS UNITS /

Short-Circuit Protection:

Initial oOutput .55 0.45-0.65  vrms | (v
Initial Freguency +0.1 £5 pplo Ly )
Final Qutput 55 0.45-0.65 Vrmsll (/3
Frequency Change -}, 0 £5 ppld * ()
Short-Term Stability; 11 .
1 Second 2.00 <4 pplCll ( v
10 Seconds 695 <l.265 pplulv v )
100 seconas 178 <4 pplot~ ()
Qutput Impedance: 45 sS

Impedance £2.37 &0-50 Ohms L)
Warmup and Power

Peak Current (28V) B Aadc

Peak Current (26V) L2800 adc

Input Voltage (28V) 28.0 vdc

Input Yoltage(26V) 26.0 vdc

Input Fower (Total) 7.1 <110 wdc (Y
Lock Time 8 <90 Sec v )
2.6 Minute Accuracy .G <1 pplO?O [V
2.5 Minute Accuracy A4 <5 pplo* ()
Steady-State PowertTotal) 9. S <17 Wwdc L)
Sigqnal to Norse:

1 itz -73 <-60 d8c,/Hz ¢ v
100 Hz -135 <-80 dBe/Hz { vV
1090 Hz —139 <-95 dac/Hz VS

Remarks:

*Reluvive O f/1
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TRFS PERFORMANCE TEST CATA SHEET
SEQUENCE Final
PARAMETER VALUE LIMITS
gutput ;
Level .87 0.45-C.65
Harmonic (max.) —41 <-30
Spurious (max.) LT <-60
Voltage Sensitivity:
23.4-28.0(Elect.) .5 <1
22.0-32.0(Elect.) 1,0 < 5
Heater Dropout £.002 s 1
Adiustment Range:
Maximum +3.4
Minimum -2 .4
Range S. 8 23
Setting bl &) *2
Orientation sSensitivity:
Normal +~59
Left side Down +2 5
Top Side Down +3 )
Right 31de Cown +3 5
Sack Side Down “+ | 5
Front Side Down o] 5
1 C o .
X-AXx1ls .83 s.2
Y-Ax1s <~ <2
Z-AXx1s <.l 2
Retrace:
Initial - 0.6
Turnon 31l - 2.0
Tarnon =2 -~ 1. 5
Turnon #2 + 4.0
Lrror {max.) + 4.6 =5
IT
Leakage <o ~ 170
Vvoltage (1) :
sntrel [ IR
Valtagye 7,9L7 S5.0=2.5
-74-
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S/N

DATE :

pplOl
pplo
pplo®

pplO
gplG?
pplu
pplu

pPlU
pploy
pplo
pplo
pplo
pply

— —
—_ e e b
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i2/1s - 12/9/6¢

L3

pplo%}ﬂauss

pplo”
pplu 7

pplott

pplOfI
ppljl;
ppPlo
ppld

K ondc

vdo
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TKFS PERFORMANCE TEST DATA SHEET

PAKAMETER VALUE

short-Caircult Protection:

Initial Cutput .87
Initial Frequency +7
Final Output .57
frequency Chanye + 2

Short-Term Stapility:

1 Second 2.
10 Seconds 0.79
100 Seconds 2.9
Qut ir
Impedance 45.92
Harmup and Power:
Peak Currert (28V) 1.%
Feak Current (20V) 364
Input Yoltage(28V) 28
Input Vgltage(26V) 16
Input Power (Total) 14
Lock Time 70.5
2.9 Minute Accuracy -7
.S Minute Accuracy 3.4

e
Steady-State Power (Total)}l. B¢

Signal to Noise:

1 hz - 71
100 iz -137

1000 Hz - 140

Fenare s

fhiani . O SF

(cont'd)
LIMITS
0.45-0.65
E3)

0.45-0.65
<5

<4
<1.265
<4

45 -S5
40-50

UNITS

Yrms
pplo
vVrms
pplo™ " *

11
pploly

pplo
pplot?

Ohms

N I
[oURN oW S9N o VRN o
0 a6 O

%]
o
- 0O O

dBc/Hz
d3c,/Hz
dasc/Hz
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7.2.2 \Voltage Sensitivity. The voltage sensitivity of the TRFS output
frequency is limited to less than 1 x 10 -1 for a 10" input voltage
s -
;3? change and to less than 5 x 10 1 over the entire voltage range. The
) _<
‘f frequency must also change less than 1 x 10 8 during a 10 second drop-
Lﬁ cut of the heater voltage. These reauirerents are given in paragraph
’ 3.2.1.6 of the specifications.
s

n The voltage sensitivity of both TRFS full-scale engineering models
o
_fb was measured by varying the electronic and heater sunnly voltages per
hY

. the table of paragraph €.2 (B) of the test plan while using the high
o resolution frequency measuring system of Appendix €. The results of these

‘\' - . - -

;ﬁ tests are shown in Table 7.2; both units comply with the reaquiremerts.

[

o 7.2.3 Frequency Adjustability. The TRFS is required to have a fre-

h -9 1

- quency adjustment range of 3 x 10 ~ settable within 2 x 10° ' per para-

o graph 3.2.1.3 of the specifications.
iﬂ “Yeasurements were made of the frequency adjustability of both full

N
ii scale engineering models using the high resolution frequency measuring
o system of Appendix E. The results of these are shown in Table 7.2;
ﬂf botn units comply with the requirements.

.‘,:

L 7.2.4 Qrientation Sensitivity. The TRFS must meet all performance re-

o quirements regardless of orientation per paragraph 3.2.2.5 of the speci-

f: fications and the orientation sensitivity is limited to 5 x 10']1 ner

if caragranh 6.4 of the test plan.

‘.

';: Measurements were made of the orientation sensitivity of both

fuil scale engineering models using the “inh resolution freauency measurirn

?ﬁf system of Apnendix E. The results of these tests are shown in Table 7.2.

- both units comply with tne requirements.

‘ 7.2.5 Magnetic Sensitivity. The TRFS mannetic sensitivity is limited to ’
’:: Jx10_]1'qaues per raraqraph 3.2.1.9 of the specifications, 3
1>

f Measurements were made of the magnetic sensitivity by nlacina the
j:f TRFS inside a Helmholts coil pair and using the high resaluticn frequenc. ;

h; i
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measuring system of Appendix E to measure the frequency change due to the
reversal of a 4 gauss field along each major axis. The Helmholtz coils
were 4 feet in diameter and constructed per ASTM Specification 346-64,
Standard Method of Test of Magnetic Shielding. The field was calibrated
using a gaussmeter probe at their center without the TRFS and the coil
was located at least 10 feet away from large metallic objects.

The results of the magnetic sensitivity measurements are shown in
Table 7.2. The TRFS is most sensitive along the X-axis, the magnetic
axis of the physics package. The magnetic shields of TRFS S/N 101 were
not annealed and did not have their design values of permeability and
shielding factor. TRFS S/N 102 (and all subsequent units) have annealed
shields and easily comply with the requirements.

cycling at constant temperature is required to be better than 5 x 10—11

and to be non-cumulative.

Measurements were made cf the frequency retrace of both full scale
engineering models using the high resolution freguency measuring system
of Appendix E. The results of these tests are shown in Table 7.2; both
units comply with the requirements.

EG&G has also conducted extensive on-off stability tests on its

was under + 5 x 10-13/day after 6 months and 3600 on-off cycles, essen-
tially identical to their performance when operating continuously.

7.2.7 Built-In Test. The TRFS design includes a built-in test (BIT)
output per paragraph 3.2.1.1. (B) of the specifications.

The characteristics of this BIT signal were checked on both full

scale engineering models by measuring with a digital multimeter, the

" 1l

leakage current and volitage drop at this output in the "no-go" and "o

states, respectively per parvagraph 6.7 of the test plan. The results

are snown in Table 7.2; both units comply with the requirements.

F
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7.2.6 Frequency Retrace. The TRFS frequency retrace for multiple on-off

similar RbXO unit. Four RbXOs showed a long-term retrace characteristic that
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.i 7.2.8 Crystal Control Voltage. The TRFS design includes a crystal contro)
» voltage analog monitor that indicates the margin remaining for lock of
nj the crystal oscillator to the Rb reference. This voltage must be +7.5 V
o + 2V at shipment and remain betwen +3 and *12 V per paragraph 3.2.1.1
% \ .o .
&, (C) of the specifications.
e
LW
- The crystal control voltage was meacured on beth full scale en-
;j: gineering models using a digital multimeter per paragraph €.Z of the test
- . . . . - - N N 2 h I J 4+ L
[~ plan. The results are shown in Table 7.Z; both units comply with the
b
o requirements.
& 7.2.9 Short-Circuit Protection. A1l TRFS outputs are reauired to be
short-circuit proof per paragraph 3.2.1.1% of the specifications.
P "’
X2 Checks were made on both full scale engineering models per nara-
. ararh 6.9 of the test plan that confirmed that there was no nerformance
:: degradation after any Ji or J2 output was shorted to ground.
..P:
- 7.2.10 Short-Term Stability. The TRFS 1s required to have a short-term
Pl stability of at least &4 x 10711 "¢ for averaging times, -, between |
L and 100 secornds per paragraph 3.2.1.4.2 of the specificationrs. ?
» Measurements were made on both full scale engineerinn mcdels using
the high resolution freauency measuring system of Aprendix £ to verify
) compitance with the snort-term stability requirement per paraaraph €.30
- of the test plan. These data are shown in Table 7.2; becth unit= <oply
;F With the reguirements. !
- 702001 Output Impedance. The cutput .. oedance of the TRFS 10 ™p2 cutnut
-’ — --
N is required to be 5C ohms + 10 per paragraph 3.Z2.1.1 (A) of the sreci-
N fications.
- The output impedance was determined for each of tne twn “ull scaie
! engineering models by measuring the charge in output voltage 25 the load
b
';- resistance was varied. The results are shown in Table 7.2: both units
{' comnlv with the requirements,
N
\l
. :
~ d
.
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7.2.12 Warm-up and Power Consumption. The TRFS warm-up and power con- ﬁ
Pt
sumption requirements are defined in paragraphs 3.2.12 and 3.2.11 re- g
spectively of the specifications.
fw
Tests were made regarding the warm-up and power consumption charac- K
teristics of both full scale engineering models in accordance with para- .

graph 6.12 of the test plan. The test setup included the high resolution
frequency measuring system of Appendix £ and instruments to measure and
record the TRFS power consumption. The results are listed in Table 7.2.
TRFS S/N 102, which has the final design values of heater resistances

and demand power, fully complies with the warm-up requirements. Both
units comply with the power consumption requirements.

7.2.13 Signal-To-Noise. The TRFS signal-to-noise {phase noise) re-

quirements are given in paragraph 3.2.1.7 of the specifications.

Yeasurements of the phase noise characteristics of both full scale

engineering models were made in accordance with paragraph 6.13 of the By
test plan. The test setup included a 10 MHz low noise reference crystal ?
oscillator (Piezo Model 2810007), a double-balanced mixer, low-pass
filter and low nnise amplifier, and a audio fregquency wave analvzer. The
reference osciliator was phase-locked to the TRFS via a slow (- >1 sec)
looo filter and the mixer output was adiusted for O Vdc so that it
would function as a ohase demodulator. Such a setup is a standard means -

for measuring phase noise.

The results of these phase noise measurements are shown in Table

7.2. Both units easily comply with the reguirements.
r- -q
“‘J
-
-
| ‘__1
!'- -
~ -
| =
o
i.‘ . 1
!
b' ._:
b T
’! ..-
i 2
3
Y B,
3 ,'_
3 _"':
N
K
-
-79- ke
\ )
' " \- ' .- . *.. . T T MY A "° P R - - - ~ - - ‘\
T [ Palt’s ™ ~ 3 DR DS N TN AP N R P T S PPN
Il AA" LIL’A’J‘“’J (BI 'rl—"L A-‘ AJ"L :' Py : T AE ALY N ._(- !'."'.‘a NN I._ {- rj e TN "':“1\‘-"'-\




g
------ LR il S VS S O )

‘\f ({
L :
x
2! "
1 |
0 4
.‘ .
7.3 Functional Tests
Functional tests were conducted on both TRFS full scale engineering )
v models in accordance with paragraph 7.0 of the Qualification Test Plan i
A before and after exposure to each of the environmental tests described - !
', in the next section of this report. The purpose of these functional
V; tests was to verify that the unit was operating properly. The parameters K
? measured by the functional test were TRFS output Tevel and frequency, dc ;
N input power and VCXO control voltage.
b An example of a typical functional test data sheet is shown in A
o -
" Table 7.3. A1l functional tests were successfully passed. N
- ~
> 7.4 Environmental Tests ]
. A series of environmental tests were conducted on the TRFS full -2
3 scale engineering models to verify that the design complies fully with 3
iy all performance requirements under the environmental conditons specified =
41 in paragraph 3.2.5 of the TRFS specifications. g
) The general procedure followed was to pnerform a functional test on -f
the unit under test before and after each cof the environmenial tests. :
flost of the tests followed a MIL-STD-810 test method, with the specific B
test conditions in accordance with the TRFS Qualification Test Plan and _ﬁ
specifications. In most cases the relevant TRFS performance parameters Zﬂ
. were observed during the tests. 3
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TRFS FUNCTIONAL TEST DATA SHEET S/N

SEQUENCE DATE :

INITIALS:

PARKAMETER LIMITS

Cutput level 0.45-0.65

Ty r ¥ ¥ 7 w_ =

_utput Freguency +5

o4,

”

rower:

Voltage (Elect.) 26 (nom.)
Current (Elect.) )

Voltage (Htr) 28 (nom.)
Zurrent (Htr)

Power (Total)

.
2

‘)

I~

S

Remarks:

Table 7.3
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7.4.1 Temperature/Altitude
.
. The temperature/altitude test was performed on TRFS S/Ns 101 & 10z in
V. accordance with paragraph 8.1 of the Qualificetion Test Plan. This test
]
Wl involved the temperature and pressure sensitivity of the unit per pera-
r graphs 3.2.1.13 and 3.2.1.14 respectively of the TRFS specificationt
. under the temnerature and altitude environrmental conditions of par4grapn
fj 3.2.5.1. The temperature/altitude test was that of MIL-ST0-#15, Metpon
- C4.1, Proucedure . A1l requirements were net. Devtalls of the tost
ud are as follows:
LS
s Test Item: TRFS S/N 101 and S/N 102
¥
Spec: QTP 8.1
~ MIL-STD-810C, Method 534.1, Procedure I.
~
Y
™ X .
) Test Completion Date: 12/17/86
i Test Setup: See Figure 7.4.1
N “ast Facility: [GXG, Salem, MA
‘f Frocedure/Results:
note: [Fach step represents i separate test conditicon apy 1ied inde
. pendently of the others, per MIL-STD-810C.
>
y 1. With the test unit (S/N 102) deenergized, the chairer terper-
ature was adjusted tc -62YC and the unit allowed tc <tabilize.
- This condition was maintained for 2 hours.
- 2. With the test unit (S/N 102) decnergized, the cnarber temjpira-
£ ture was adjusted te -54°C and tre unit allowed to ctahilize,
- , . . ) 3
X The unit wes then energized at 20 Vde.  The anit actievetd . o
--.'
' “requency offset of 5 x 10'10 ir lece than four =irvtes The : {i
: notk input power of 51 watts et the specificai or RN IUNRRURS S :ﬁ
: The steady power of 19 watts o specifica®ivn EICEIRUPLE S -
. -1
Frequency offset after ore hour et speciticstion ey
1
h
-
-He- -
e Y N e N N AN AN T A e S
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The unit was deenergized and restabilized at -549¢C.  The oper-

ational sequence was repeated two additional times. Frequency

readings at 1 hour for the last two cycles deviated less than
-11

5 x 10 .

The test unit (S/N 101) was stabilized at -54°C and 32 Vdc.

The chamber pressure was reduced from 1 atmosphere to 70,000 ft.

-14

The observed barometric coefficient was 5 x 10 ~"/mbar which

_17 /bka
meets the specification of <1 x 107+3/mbar:

The test unit (S/M 101), deenergized, was stabilized at -10°C.
The chamber door was opened and frost allowed to form on the
unit (It was necessary to spray water around the unit). ‘Uhen
the frost melted, the door was closed. The unit was energized
at 32 Vdc for five minutes; A Functional Test was performed and
passed and then the unit was deenergized for five minutes, a

total of three times.

The test unit (S/N 102), deenergized, was stabilized at 950C
and soaked for 16 hours. After exposure, a Functional Test

was performed and passed.

The test unit was mounted on a heatsink, and the five exposed
surfaces of the unit were covered with blanket insulation to
allow air flow over the heatsink only. The chamber temperature
was increased to 7loC, and the unit stabilized at 32 Vdc. The
chamber temperature was adjusted slightly to bring the unit
baseplate temperature to 710C plus 0.450C per watt of power
consumption, or 76°C for unit power consumption of 10.3 watts.
After four hours of operation, the frequency offset was less
than 3 x 10730,

The test unit (S/N 102) was stabilized at 36°C and 32 Vdc. Tre
chamber pressure was reduced from 1 atmosphere to 50,300 ft.
and maintained for & hours. The observed barometric coefficient

-83-
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was 5 x 10'14/mbar, which meets the specification of -1 x 10713

mbar.

The test unit (S/N 102) was stabilized at 60°C and 32 vdc. The
chamber pressure was reduced from 1 atmosphere to 50,000 ft.
The unit was energized for 30 minutes then deenergized for

50 minutes, a total of four times. The highest observed
barometric coefficient (including retrace) was 6 x lo'la/mbar,
which meets the specification of 1 x 10’13/mbar.

The test unit (S/N 102) was stabilized at 10°C and 32 Vdc. The
chamber pressure was reduced from 1 atmosphere to 70,000 ft.

and maintained for 4 hours. The observed barometric coeffi-
cient was 4 x 10'14/mbar, which meets the specification of

<1 x 10_13/mbar.

The test unit (S/N 102) was stabilized at 35°C and 32 Vdc.

The chamber pressure was reduced from 1 atmosphere to 70,700 fr.
The unit was energized for 30 minutes then deenergized for 15
minutes, a total of four times. The highest observed baro-
metric coefficient (including retrace) was 6 x lo'la/mbar whiclk

meets the specification of <1 x 10—13/mbar.
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7.4.2 Temperature Shock

n

A temperature shock test was perfor~zd on TRFS S/N 102 in accor-
dance with paragraph 8.2 of the Qualificetion Test Plan. This test in-
volved the temperature sensitivity of the unit per paragranh 3.2.1.13
of the TRFS specifications under the temnerature transient and shock
environmental conditions of paragraphs 3.72.5.1.3 and 3.2.5.1.4 re-
spectively. The temperature shock test was that of MIL-STD-810, Methed
503.1, Procedure I. A1l requirements were met. Details of the test

are as follows:
Test Item: TRFS S/N 102 {Steps A-G; ~nd S/N 101 (Steps I-0)

Spec: QTP 8.2
MIL-STD-810C, Method 503.1, Procedure 1

Test Dates: 10/31/86 - 11/2/86 (Steps A-G), 12/3/86 (Steps 1-0)
Test Facility: EG&G, Salem, MA
Procedure/Results - Nonoperating, Steps A-G:

1. The test unit, nonoperating, was nlaced ir 3 temrerature chamber

(Tenney Mite 3). The chamber terperature was raised to 71%
and maintained for 4 hours.

2. The unit was transferred within » minutes tc 3 cold cha~ter
0 A A
(Tenney ur.) at -5/"C and maintained for 4 hours.
3. The unit was transferred withir © =minutes to the kot cha~ber

and maintained for 4 hours.

4. These steps were repeated for 2 *otal of 3 full cycies

(approximately 24 hours total).

5. The unit was inspected for daman. and none observed. A Func-

tional Test was performed and passed.
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Procedure/Results - Operating, Steps 1-0:
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The test unit was mounted on a heat sink and set up per
Figure 7.4.2.1.

The chamber temperature was increased to 71°9C and the unit
allowed to stabilize. The unit was turned on and operated
for 1 hour.

With the unit operating, the chamber temperature was cycled
between 71°C and -55%¢ at a rate of between 2 and 3°C per
minute with a 30 minute soak at each temperature limit.

Three full cycles were performed (approximately 10 hrs total
test time). The frequency variation was within specification
(3 pp 1010)
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, as shown by attached frequency record, Figure 7.34.2.2.
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7.4.3 Random Vibration

Random vibration tests were performed on TRFS S/N 142 in sccor-

+ -

dance with paragraph 8.3 of the Qualificaticn Test Plan. Trece tests in-

_P' _’t.(l,(\"-‘t\' “- ‘- e

volved the phase noise and frequency stability of the unit rer Dara-
graphs 3.2.1.7 and 3.2.5.3.1.1 respectively o7 the TRFS specificsaticns
under the performance levels of random vikrztion per paraqrant *.2.5.2.1.1 :jk

u. '\' ) ‘l. *y

and the survival of the unit under the endurance levels ¢f random vibrs-
tion cer paragraph 3.2.5.3.1.2. The rander vibration tests were that cf

MIL-STD-810, Method S14.2, Procedure IA. All requirements wer: mer. Do i‘
tails of the test are as follows: )

Test Item: TRFS S/N 102 "
o

Spec: QTP 8.3 A
MIL-STD-810C, Method 514.2, Procedure IA §

(general requirements) t:‘

Test Completion Date: 12/10/86 i-

. e
1
C Tt

F 2
4«

Test Faciiity: EG&LG, Salem, MA

1]
s

..'.m‘ : «

Procedure/Results - Performance Level VYibration:

1. The test unit was attached to an adapter plate, mounted on .g
the vibration table and electrically set up per Fiqure 7.4.3.1. i:
-
2. The unit, energized, was exposed to the random vibrition Jeve’. o
of QTP Table 8-1 {Z axis) and 8-2 (x and Y axes) for 30 iinutc. =
per axis. During exposure, the phase noise, output freosency Ei;
and voltage were measured. There was no observab’v change in ;E’
the output voltage. The phase noise was within . ifilatior ;*'
as shown in Figure 7.4.3.2 and tne following tatle: ;F
Offset from Carrier Specification X Axis Y olxis 2 Axi. 3;:
1 Hz. > 60 dB 77, T €7, iy
100 Hz. > 80 dB 120. G5 111, E
1 k Hz, > 95 dE 133, 13, 171, )
kﬁ
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The output frequency error, determined from the slope of the
phase difference between the TRFS being vibrated and the ref-
erence, was within specification:

Specification X Axis Y Axis Z Axis

10 1 2 x 10711 6 x 10711

5 x 107 <l x 107

After exposure, the unit was inspected and no damage observed.

A Functional Test was performed and passed.

Procedure/Results - Endurance Level Vibration:

G 2 Y

1.

The test unit wis attached to an adapter plate and mounted
on the vibratior table.

The unit, deenergized. was exposed to the random vibration
levels of QTP Table 8-3 (Z axis) and 8-4 (X and Y axes) for
two hours per axis.

After exposure in each axis, the unit was inspected and no
damage observed. A Functional Test was performed and passed.

.91-

AN LN

" FRSURSC _,'-";_‘-‘\(‘-f\- PR O 0 U N

LN Rt

1

CX XA LA

YL

P SN SNE oV My

A

L)
.

P,
2

o
. 4




XL,
S -

MMN\.U A

\--

N ST PR uE o ¢

X _cwcgaﬁﬁcu ﬁzu,,t ——
! IbLY|0A m
* c§43a*m:mg .
M LT T o o k ‘/.,
i JOZA[RUY OAPM L ”
, Y185E dH -
e ! 0X2¢
- l, _ Iny 2§
| adods ', _H 0314
B o M ZHW QT |
, .
A332WLIL Y | b 4
leatbig 34nyIxt 4 1S3}
161 A31ylLay ) ] LN Aseud _ 24 01
4333w {oAL Lt JY w
:oﬁoom "
J S— —_——— -
paepuels
Kauanbaay
u;m:o Sli
4333w} (OA 403234
v50p8 dH [ T T T T T Tttt T T T
A
[yt Iluhf.l. -\. ._....ﬂ-l‘-f f-fﬂ.fap....‘% )..-..- o .-....Jo by Y ..-.-,..- ..\J\.&-. . ;

dn1a5 3501 UOLILAYLA iOpuRy
17§ 9 L danbuy

T
-

-‘q.lui.i.‘!lﬂ v IR

=

K1aing uamog 3q ‘...\

N Y1629 dH
| B

i — . v—\

&

FESEMBRT™ J

[P35

- X
| 161 Aaiyaten
Lo ) '
o~
(=]
[T aaysume L {Td 0 '
up-de (3
.-
U, —_—
uotLjesqQtA
M 31531 49puj} S4ud
ZHh 01 i 9893
c,ﬁl%%wwfq R AALY AR



4 '. o
b Pl o e mo e e

PR S M e T T " e - K€yt p Tt & S .-.—-J.LP A A N LRSS A Ly ey ) P ‘S I*nf‘v.f‘.fr -.-.-u-\v\\\l\w-\“

DR B

oy

-
&
o

RN
TP

-
N

-

o

o]

gt

o

3 00T zrgrprg aanbg L ] 5
P, _ 7y ‘Adusnbaday chmawv._,m , , .”,..
P, Co ; . b “ “ : : L S W ; o
- b b R | R S IR - S oEr 0
p : . ; 4 K
P ! s
. : " 0
4 , ! 4 W
” N Do - doat- iy
. ) : .

K M ; . ..-\
P, L " a iy
¢ cpmepene e Ao — S e e — Ay
x ﬂ . .- i
4 A _ P o
Pe - - ... m 2011 T
P, ﬁ « . iz K
b ! 8 ¥
A . . 1 o 5>
¢ T T T TN TN TN T 2

7 R - ¥ |
y ﬁ ol L E oo
\ B ot
3 M ¥ Pl .
é Loy ! R ‘Wf'l o
2 i <. _ * ~ 1 !
9 v__ b m w . : , PNy : P A : ,
.; .T«:.Aﬁ. ﬂ _... w ”.....” ) ,. ! . . - . . H A . .., . , . w . . | yl'oml
3 bbbl |
) P " .
. Pl w -

P

N

JE U

B e R

S P
i

T
RGN T

3 : , _ *
2 .« : S , IS
L o A , , . uDLIPJQIA WOpUPY J43pup N
o b ; o 3SLON 25fud 201 N/S S3yl A
7 ; ose A
b ' . ' ' &

4

At T e S A B S s S

'
i
.
/,EJ‘

N
™

~
.,
C

& N

»

“
.
Lolnleinl

LY
1
»
.
()
o

PP _ Ry yoa e e Sy . PRI LT s - PN L PO I I N I S



SRR S
-"_‘\ -',-

A A A LA A e e NS e e e R
B N N A T e N I D N SR ' "y
Pt arln{n

7.4.3 Sinusoidal Vibration

Sinusoidal vibration tests were performed on TRFS S/N 102 in ac-
cordance with paragraph 8.4 of the Qualificaticn Test Plan. These tests
involved the nonharmonic distortion (spurious) and frequency stability
of the unit per paragraphs 3.2.1.8 and 3.2.5.3.2 respectively of the
TRFS specifications under the minimum and maximum sinusoidal vibration
levels of paragraphs 3.2.5.3.2 a. and 3.2.5.3.2 b. respectively. The
sinusoidal vibration tests were those of MIL-STD-810, Method 5i4.2,
Pracedure VIII, Curve W and Procedure 1. All reauirements were net.

Details of Lnhe test are as follows:
Test Item: TRES S/N 102

Spec: QTP 8.4
MIL-STD-810C, Method 514.2, Procedure VIII, Curve ¥

and Procedure 1 (general requirements)

Test Completion
Date: 12/9/86

Test Facility: EG4G, Salem, MA
Procedure/Results:

1. The test unit was attached to an adapter plate. mounted on

the vibration table and electrically set up per Fiqure 7.4.4.1.

2. The test unit was exposed to sinusoidal vibration while ener-
gized. Output frequency and voltage and nonharmonic distor-
tion at the vibration frequency were measured throuohout vi-
bration cycles. The frequency error was within the specifi-
cation of 1 x 10”2 measured with a gate time of 1 second below
20. Hz and 0.1 second above 20. Hz. Vibration levels were as

follows:

A. The unit, operating, was tested in accordance with MIL-
STD-819C, Method 514.2, Procedure VIII, Curve w to the
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i levels of QTP Table 38-5. Frequency cycling was from 5 to
. 500 to 5 Hz in 15 minutes for 3 hours per axis. The results
E are shown in Fiqure 7.4.4.2.
)
. B. The unit, operating, was tested in accordance with MIL-
. STD-810C, Method 514.2, Procedure I. Frequency cycling
'y was performed from 5 to 2000 to 5 Hz in 20 minutes for "
¥ 4
]j 60 minutes per axis to the levels of QTP Table 8-7 (Z axis) .
Y and 8-8 (X and ¥ axes). Vibration dwells were performed %
for 10 minutes at each of the frequencies of QTP Tatle 8-6.
; The results are shown in Figure 7.4.4.3. g,
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5 7.4.5 Rain

] A rain test was performed on TRFS S/N 102 in accordance with

%: paragraph 8.12 of the Qualification Test Plan. This test involves the

¥

33 proper operation of the unit under the rain conditions of paragraph

L~ 3.2.5.10 of the TRFS specificazions. The rain test was that of MIL-

y STD-810, Method 506.1, Procedure I. All requirements were met. Details

2 of the test are as follows:

Test Item: TRFS S/N 102

~ Spec: QTP 8.12

X

>, MIL-STD-810C, “ethod 506.1, Procedure I

< Test Date: 12/12/86

E Test Facility: NTS, Acton, “A

N (Purchase Order 23194)

>

P Procedure/Results:

5 1. The test item was attached to a mounting plate and secured

M in the test chamber. GClectrical connections were made per

-

) Figure 7.4.5.

N 2. Each of five sides or the test item, including the tor but

.: not the baseplate, was exposed to the specified wind and

- rain for 30 minutes [total exposure 2°, hours). During the
last 10 minutes, power was applied to the test item, and the
output frequency and voltage level were meacrcd. Voltage
level was normal, and at the end of the 10 minute operations,

=

all values of freguency were within 5 x 10 ‘1.

f 3. The unit was examined for damage and none was observed.
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7.4.6 Bench Handling A
3
A bench handling shock test was performed on TRFS S/N 1C2 in ac- ]
cordance with paragraph 8.5 of the Qualification Test Plan. This test in- -
N volved the survival of the unit after being subjected to the bench handling ?
) Rt
: shock conditions of paragraph 3.2.5.2.1 of the TRFS specifications. The i
. bench handiing test was that of MIL-STD-810, Method 516.2, Procedure V.
. A1 requirements were met. Details of the test are as follows: ;
- Test Item: TRFS S/N 102 h
o,
3 Snec: GT7P 8.5 7
4 MIL-STD-810C, Method 516.2, Procedure V. -
o
")
Test Date: 11/24/86 G
N
‘ Test Facility:  EG&G, Salem, MA g
. Procedure/Results: E
»
3 1. The outer cover was removed from the test unit. .
. 2. The unit, noncperating, was placed on a wooden bench t.
L ton. Using each edage as a pivot, the opposite edge was f'
raised to 4", 450 or the point of balance, (whichever f
N came first) and allowed to drop freely. The unit was N
~ -
N dropped four times on each of six faces. :
‘ 3. The unit was examined for damage and none was observed. g
) !
. 4. A Functional Test was performed and passed. j_
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' 7.4.7 OQperational Shock

~ An operational shock test was performed on TRFS S/N 102 in ac-

.‘Y R . .

> cordance with paragraph 3.6 of the Qualification Test Plan. This test
,\ involved the survival and timekeeping performance of the unit under the

L. operational shock conditions of paragranr 2.2.5.2.2 of *the TRFS speci-

,i: fications. The operational shock test was that of MIL-STD-810, Method

&: 516.2, Procedure I. All requirements were met. Details of the test :
'f are as follows: ‘
o Test Item: TRFS S/N 102

\'

= Spec: TP 8.6

. MIL-STD-810C, Method 516.Z, Procedure 1
o (20 g, 11 ms half sine)
o ;
0 Test Date: 1272/86 )
I :
# 2
va Test Facility: Associated Testing Labs, Burlington, MA

S .
L (Purchase Order 22971, item 2)

| “~
w Frocedure/Results:

;- 1. The test unit was mounted on an adapter plate and attached

:ﬁj to the shock machine (AVCO model SM-110). The electrical )
3: setup was per Fiqure 7.4.7.

W

- 2. Three shocks (20 g, 11 ms half <ine) were applied in each

j: direction of the X, Y and £ axes (18 shocks total). During

ij exposure the unit was operating and the time keepina performance

5 measured by the Spectracom 8150 Precision Phase Comparator.

7 Using the 1 microsecond full scale setting, there was no ob-

? servable ti~inn error due to the shock nulses.

o 2, The ynit was remaved fram tho chack machinae and eyxamined = No

‘f Aamate was observed. A Functioral Test was performed and passed.
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7.4.8 Acceleration

An acceleration test was performed o TRFS S/N 102 in accor-
dance with paragraph 3.7 of the Qualification Test Plan. This test
invelved the cutput voltage and frequency stability of the urit per
paragraphs 3.2.1.1 a. and 3.2.5.2.3 respectively of the TRFS specifi-
cations under the acceleration conditions ¢f paragraph 3.2.5.2.3. The
acceleration test was that of MIL-STD-81C, Method 513.2, Procedure I1.
A1l requirements were met. Details of the test are as follows:

Test Item: TRFS S/N 102

Spec: QTP 8.7
MIL-STD-810C, Method 513.2, Procedure I1I
(10.9)

Test Date: 12/1/86

Test Facility: Associated Testing labs, Burlington, 1A

(Purchase Order 22971, item 1)

Procedure/Results:

1. The test unit was mounted on an adapter plate and attached
to the centrifuge (Genisco model 1230-1) at a radius of
42. inches. The electrical setur was per Figure 7.4.8,
Redundant slip rings were used t: bring out the power and

output leads to reduce the effects of slip ring noise.

2. The unit was subjected to 10 g for at least 1 minute in each
direction of the X, Y and Z axes (6 runs total). During
acceleration, the cutput frequency and voltage were mgnitored.
There was no observable change in output voltage. The highest
observed frequency change was 3 x 10’11 in the +Y axis, which was

within sneci€ication (4 x 1“_11},

3. The unit was removed from the certrifuge setur and inspected.
No damaqe was observed. A Functional Test was performed and

passed.
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51 7.4.9 Acoustic Noise

. An acoustic noise test was performed on TRFS S/N 102 is accor-
o dance with paragraph 8.3 of the Qualification Test Plan. This test
| ﬁ involved the phase noise, output voltage and frequency stability of the
b unit per paragraphs 3.2.1.7 and 3.2.1.1 2. of the TRFS specifications
{: and paragraph 8.6 f. of the test plan respectively under the acoustic
‘éﬁ noise conditions of specification paragraph 3.2.5.4. The acoustic noise
" test was that of MIL-STD-810, Method 515.2, Procedure I, Category A.

- A1l requirements were met. Details of the test are as follows:

o

o Test Item: TRFS S/N 102

. Spec: QTP 3.8

MIL-STD-810C, Method 515.2, category A, Procedure I
(140 dB, 30 minutes}).

RN AN g ]

. Test Date: 12/11/86

[}

‘:; Test Facility: Noise Unlimited, Inc. Sorerville, NJ ,
s (Purchase Order 23179) ‘

Procedure/Results:

:: 1. The test chamber was set up to produce the specified acousti-

Ea cal noise spectrum.

N 2. The test item was suspended by elastic cords and elec-

:5 trically set up per Figure 7.4.°5.

- :
E: 2. With the unit operating, the acoustical noise was aoplied

7,: (140 dB for 30 minutes), and the output frequency and voltage

- and phase noise were measured. There was no observable chaT?E ,
j: in output voltage. The highest freauency change was 1 x 10

':: which was within specification (5 x 10'10). The phase noise

':: was within specification:
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? Offset from Carrier Specification Observed E

1. Hz > 60 dB 76 dB .
, 100. Hz > 80 dB 127 dB :
N 1. k Hz > 95 dB 138 dB :
S ;

4. After exposure, the item was examined for damage, and none

was observed.

al -
< 5. A Functional Test was performed and passed. i
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7.4.10 Humidity "

o
A humidity test was performed on TRFS S/N 101 in accordance with '
paragraph 8.9 of the Qualification Test Plan. This test involved the 3
proper operation of the unit under the humidity conditions of paragraph -

3.2.5.5 o7 the TRFS specifications. The humidity test was that of :

MIL-STD-810, Method 507.1, Procedure II. All requirements were met.

y Details of the test are as follows: E:
.

Test Item: TRFS S/N 101 N

Spec: QTP 8.9 \
M1l -STD-810C, Method 507.1, Procedure II X
'
‘o0
Test Date: Starting 10/25/86 - 11/4/86 '
" Test Facility: Associated Testing Labs, Burlington, MA -]
’ (Purchase Order 22111) R
Procedure/Results: £

N 1 Following preconditioning, a Functional Test was performed A
-~ -‘
- and passed. vl
L) Y
- >
2. The unit was subjected to five 48-hour cycles of temp- ;

o humidity as specified. Near the end of each 48-hour cycle, ;f
» without opening the chamber, a Functional Test was performed F
- and passed. K
L: 3. The unit was then conditioned for 24 hours, and a Functional %
Test performed and passed. The unit was inspected and no -

damage or corrosion observed.
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7.4.11 Fungus

The TRFS design uses only components and materials that are in-
herently fungus inert, thereby meeting the funqus requirements of para-

LY -~ . . . .
;Q araph 3.2.5.7 of the TRFS specifications by analysis per paragraph 8.10
a of the Qualification Test Plan.
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7.4.12 Explosive Atmosphere

*d
"4
"4
,
:J

]
-

. An explosive atmosphere test was performed on TRFS S/N 101 in ac-
cordance with paragraph 8.11 of the Qualification Test Plan. This test
verified that the unit will not cause an explosion when operated in an

L
s e Nate

explosive atmosphere per paragraph 3.2.5.8 of the TRFS specifications.

f: The explosive atmosphere tests was that of MIL-STD-810, Method 511.1,
- Procedure 1. A1l requirements were met. Details of the test are as
follows:
Test Item: TRFS S/N 101
'J Spec: QTP 8.11

MIL-STD-810C, Method 511.1, Procedure I

- Test Date: 11/7/86
; Test Facility: Associated Testing Labs, Burlington, MA
< (Purchase Order 22374, Item 1.)

; Procedure/Results:

1. The test unit's outer cover screws were removed and the cover
loosened to facilitate penetration by the explosive mixture.
- The unit was mounted on a heat sink and a thermocoupie
attached to the heat sink. The unit was placed in the test

LA LN

chamber and electrically connected.

2. The ambient temperature within the chamber was raised to
' 71°¢. Approximately four hours were required for the chamber
y and test unit to reach temperature.

3. The specified procedures for chamber altitude, fuel addition
o« and verification of mixture explosiveness were followed for the
- following altitudes: 50,000 ft., 40,000 ft., 30,000 ft.,
oA 25,000 ft., 20,000 ft., 15,000 ft., 10,000 ft., 5,000 ft. and
‘ sea level. The unit was operated during exposure and turned
¢ off and on at each test altitude. No explosion occurred.
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4. After exposure, the unit was examined and no damsge observed.
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5. A Functional Test was performed and passed.
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A 7.4.13 Salt Fog :

. Y

Y A salt fog test was performed on TRFS S/N 101 in accordance with »

paragraph 8.13 of the Qualification Test Plan. This test verified that :
the unit functions and is not damaged when exposure to a salt atmosphere ::

A per paragraph 3.2.5.6 of the TRFS specifications. The salt fog test was ;
- that of MIL-STD-810, Method 509.1, Procedure 1. All requirements were N
. met. Details of the test are as follows: Ny
Test Item: TRFS S/N 101 =4

3 Spec QTP 8.13 4
9 MIL-STD-810C, Method 509.1, Procedure I N
¥ Test Date: 11/8/86 - 11,/12/86 <
s

Test Facility: Associated Testing Labs, Burlington, MA :

(Purchase Order 22374, Item 2) 5

Procedure Results:

: 1. The test unit with connectors covered was attached to an -
; alurinum plate and positioned, baseplate down, in the test §
‘ chamber. o

. 2. The unit, nonoperating, was exposed to the specified salt -
N fog, for 48 hours. "3
- -

3. At the end of the exposure, the unit was connected elec- )

trically and a Functional Test performed and passed. The }

"

| unit was inspected for corrosion and none observed. (The 3
unit was not washed). "

) 4. The unit was then stored for 48 hours in an ambient atrosphere. -
N n

LY " m
* 5. A Functional Test was performed and passed. The unit was in- o
X spected externally and with the outer cover removed, and no ;

corrosion observed.
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7.4.14 Sand and Oust

4 sand and dust test was performed . TRFS S/N 101 in 3ccordance
with ocaragraph 3.14 of the Qualification Test Plan. This test verified
that the unit functions and is not damaged when exposed to sand and dust -
rer saragraph 3.2.5.9 of the TRFS specifications. The sand and dust
test was that of MIL-STD-810., Method 510.1, Procedure I. All require-

ments were met. Details of the test are as follows:
Test Item: TRFES S/ 101

Spec: Q7P 3.14 .
MIL-STD-810C, Method 510.1, Procedure I y

Test Date: 12/6/56 - 12/7/86

est Facility: NTS, Acton., MA
(Purchase Order 23167)

t
q
\
t

Procedure/Results:

1. Mating connectors were attached to the test unit anc the unit
positioned in the test chamber with the front face toward

the dust stream.

2. The test unit, nonoperating, was exposed to dust es speci-
g

fied (total 28 hours .

2

7+

3. After eapdsure, accurulated duct was removed frov the un®
L Functional Tec<t was performed :nd passed. The urit was

inspected, no Jamage was observec and there was no dust

aenetration into tne contacts of *re connectors or onto the

Jnit electronics.
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7.5 EMI Tests. EMI tests were conducted on EG&G TRFS S/N 101 in accordance
with MIL-STD-461B for Class Al equipment. These tests were performed by
Sanders Associates and are described in their Test Report 4484 included

as Appendix D to this Final Technical Report. The specific tests done

were methods CEOl, CEO3, CEO7, CSO1, CSO02, CSO6, REOZ, RSO, RSGZ2 and

RSG3.

A1l tests were passed except for a minor outage in the CSO02 test
and a very minor outage in the CEO3 test, both of which should be easily
correctable in future hardware by a change in the electronic power input
filter inductor. The CS02 problem was a very narrowband susceptibility
of the 7th harmonic of the synthesizer frequency (- 490 kHz) due to
magnetic coupling between the filter inductor and an inductor on the
adjacent rf board. This susceptibility was at a level about 6dB below
the reauired threshold and was aggravated by inductor self-resonance.

The CEO3 outage was only 1 dB at the -~ 50 kHz power switching
rate. Both of these problems can be corrected by the substitution of a
slightly higher value shieldec inductor.
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7.6 Aging Tests

T+

Aging tests were conducted on both TrFS full scale engineering models

Lt RE s &

after all other qualification testing in accordance with paragraph 1C.1 of

the Quatification Test Plan which calls for an aging test of from 7 to 37
days duration sufficient to establish the aging trend of the unit. Para-
grach 3.2.1.4.1 of the TRFS specifications calls for a long-terr drift

less than 5 x 10710 -1l

dard EG&G factory aging test calls for 7 days of aging data having a
11

/year, an average of abcut 1 x 10 " /week. The stan-
slope less than 1.5 x 10~
6 x 10711 for the 1st month and 3 x 10
the drift can be expected to improve with time. A typical unit has a
stabilized drift under 1 x lo'll/month‘

/week to comply with a tighter drift spec.,

-10 for the next 11 months, since

Both TRFS full scale engineering models were aged for a minimurm
of 7 days and both units nad a drift under a 1.5 x 10'11/week as shown
in Figures 7.6.1 and 7.6.2.
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Fig. 7.6.1 TRFS S/N 101 Aging Data
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8. CONCLUSIONS

A1l objectives of the Tactical Rubidium Frequency Standard develop-
ment program have been met. The TRFS design work is complete and two
full scale engineering models have been built, tested and delivered to the
USAF. The TRFS design is now fully qualified to perform its intended
function as a highly stable time and frequency source for demanding

tactica
advance

importa

1
2.
3.
4

1 military applications. The design discussed in this report
s the state-of-the-art in militarized rubidium standards in these

nt areas:
Very small size.

Extremely fast warm-up time.
Full performance at elevated ambient temperatures.

Performance under vibration.

“11¢-

A TR R YRR

k" t_"(f"f‘f{f -

Py
W e

‘r{ { ‘ﬁ.‘ .-"-" ." ." ." .._ N

‘.‘-Lr(

L]

Y ﬂ'-'-'t", .

¢

Lg

TR T

~
- .-

AT 8L,



ASSE
RS

-
.

LRSS

Y N

B¢ Be N -"').. s

-9,

R P

v
-~

X AL PRNN

oy

RS,

Pq

red
IRRRRAARN  REsluls

£ALEEL S

. s

»

AAVCARAALAT Tl Tk

P 1

AR

S AN R

s ).[- ..r.\f\-v.\fv\..--f.

V--.\\-\..\..\..-.

;e e

) O r\‘!

S

.

"9

-

-




